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LIST OF SYMBOLS

Freezing Index h°C

Design Freezing Index

Maximum Freezing Index in 100 years

Mean Annual Temperature ©C

Internal temperature in building °C

External air temperature °C

Themal resistance of floor insulation m2K/W

Thermal resistance of foundation wall or edge beam insulation
Thermal resistance of ground insulation

Internal heat transfer resistance (inside air to floor surface)
Thermal resistance of the floor structure

Thermal resistance of the ground underlying the building

Total thermal resistance of the floor structure against the
ground (i.e. including the effect of the underlying ground)

Thermal resistance of insulation layer

Thermal resistance of existing structure

Heat loss per unit area from part of a structure W/m2K
Thermal conductivity W/mK

Frost penetration depth in undisturbed ground

Frost penetration depth at a foundation

Foundation depth

height of top of foundation wall, or bottom of floor structure,
above outside ground level (the pedestal height)

generally refers to width of ground insulation

generally refers to thickness of insulation
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1. INTRODUCTION

Foundation design in areas of frost depends on the choice of an
appropriate foundation depth and protection of the foundation from the effects
of frost particularly where there is frost-susceptible soil in proximity.
Harmful frost action arises under certain conditions. Frost must penetrate
down to frost-susceptible soil and sufficient water must be available to feed
ice lens formation in this soil at an adequate rate. 1Ice lenses produce
forces that are usually directed at right angles to the frost front. These
forces can be very large and lead to heaving of the entire foundation or parts
of it as the soil freezes below. The magnitude of the heave forces cannot
generally be determined. It is impractical to fully restrain heave and
therefore one should design so that it does not take place at all. In
practice this means that any frost-susceptible soil that can affect the
foundation, must either not be allowed to freeze by use of insulation or it
should be replaced by non-frost-susceptible material or that water |is
prevented from being supplied to the freezing front.

Frost damage can also arise from 'sidegrip' occasioned by the
lateral shearing stress exerted by the freezing soil on adjacent foundations,
such as foundation walls or strips, columns or posts. There is then a
tendency for these to be lifted up by shearing forces acting along their side
surfaces and this is counteracted by the weight of the foundation and the load
it carries and also by anchorage below the frost line.

In certain cases freezing of frost-susceptible soils can produce
horvizontal forces causing the buckling of basement walls, retaining walls and
the like. These forces are difficult to estimate and should be prevented from
occurring by suitable design, by using insulation, by preventing capillary

water from rising to the freezing front or, if possible, by lowering ground

water level in the vicinity of the wall.
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In the Scandinavian countries there have been many instances
where foundations have been based at reduced depths and protected by use of
insulation. A reduced depth is one that is shallower than the frost-free
depth in undisturbed ground. Such a shallow depth has usually been used with
*light' buildings that exert only a small bearing pressure on the underlying
ground. These include buildings of a large extent, such as warehouses, if the
bearing pressure is sufficiently reduced by means of spread foundations.
Heavy structures which exert large bearing pressures generally require deeper
foundations extending to firm soil layers or to rock. The foundation depth is
then usually greater than the frost-free depth and problems due to frost
action do not arise.

In Sweden foundations with reduced depths had been built from
around the 1920's and by 1975 about 50000 houses with 'slab-on-grade' had been
built and generally functioned satisfactorily (Torgerson, 1975). They had a
concrete slab more or less at grade level and an edge beam or foundation wall
transferring the main building load to ground at a shallow depth. However,
foundation depths for light buildings varied from a value of 0.25m all the way
down to the full frost-free depth in undisturbed ground.

The Swedish Building Standards of 1967 (SBN 67) specified a
foundation depth of 0.25m as a general rule for the whole country. However
this was dependent on certain conditions being satisfied and local
circumstances could necessitate a deeper foundation. Where frost-susceptible
soil existed the foundation depth had to be increased sufficiently so that no
damage occurred from frost heave or sidegrip. This meant that factors
influencing frost penetration had to be considered and due regard given to any

heat contribution from the building and to the soil’s characteristics, ground

water conditions, drainage and insulation measures. On this basis an
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assessment could be attempted to determine how much one could reduce the
foundation depth in comparison with the frost-free depth in undisturbed ground.

The guidelines in SBN 67 were based partly on experience relating
to a large number of completed constructions and also on certain temperature
measurements and theoretical calculations, e.g., by Adamson and others in
1964. However the theoretical basis was somewhat unsatisfactory partly
because of the difficulty at that time of mathematically analysing the problem
of heat flow in the foundation soil area. Modern computer techniques enabled
this problem to be solved in sufficient detail with the determination of
temperature distribution related to different building designs and climatic
conditions. The effects of various factors on frost penetration were assessed
by Adamson et al (1971, 1973) and Adamson (1973). This eventually led to
revision of SBN 67 to produce the 1980 version of the Swedish Building
Standards, i.e. SBN 80.

Norwegian experience with slab-on-grade design came later than
Swedish. Methods of construction based on a reduced foundation depth began to
be used in Norway around 1950 and test houses with slab-on-grade foundations
were built in 1955. A survey by Skaven-Haug (1961) of 432 Norwegian
municipalities showed that the recommended minimum Ffoundation depths varied
from 0.75 m (in Kristiansund) to 1.88 m (in Finnmark) with a mean value about
1.45 m. Design of foundations with reduced depths was seen to offer economic
advantages as regards savings due to easier and less costly foundation methods
and possible economies in materials. In particular the economic advantages
could be substantial in the case of an integrated multiple house development
over a whole area especially if prefabricated techniques could be used as was

done in the Skjetten development completed in 1972.
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The limited Norwegian practical experience with light buildings
was assessed around the late 1960's when 25 different designs of slab-on-grade
construction with insulation were surveyed (Thue, 1973). These showed that
there was no frost damage after occupation and heating of the buildings but
slight damage occurred where there were connections to 'cold' auxiliary
buildings or extensions, e.g., car ports. The most important conclusion from
the survey was that it was essential to protect the construction operation and
the foundation during the winter otherwise damage due to frost was liable to
occur. Previous Swedish practical experience was also assessed, and although
cases in Sweden showed rare occurrence of damages, one must bear in mind
possible differences between Norway and Sweden as regards soil conditions and
climatic effects. In Sweden, as in Norway, there were some damages associated
with 'cold' accessories to heated buildings which could have been avoided by
allowing free movement of the associated cold section. Also, in Sweden, there
were cases of 'cold  bridges' at the foundation-wall/floor/outer-wall
connection in a heated house leading to excessive heat losses through the cold
bridge with a consequent reduction in the floor temperature to an
uncomfortable value.

The results of such surveys and assessments were taken into account
in the Norwegian building guidelines which came into effect in 1970. Previous
to that, in the building code regulations of 1949, the requirement was that
foundations had to go down to the frost-free depth (in undeveloped ground
during a hard winter) or to frost-resistant rock. There was no
differentiation between foundations which received some heat from buildings
such as houses and, on the other hand, foundations of 'cold' structures such

as unheated buildings and bridges.
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The Norwegian regulations which came 1into force in 1970
stipulated a demand on the performance of the structure. The foundations
should be built so that no damage occurs from frost action, neither from heave
nor from sidegrip arising from frost-susceptible soil. This implies that, as
long as this requirement is satisfied, the foundation depth may be less than
the frost-free depth in undisturbed ground. Additionally protection is
required against the rise of moisture and water vapor into the building. Also
the joint between the floor and the foundation wall and outer wall must not
form a cold bridge.

The 1970 rules were based on fundamental principles and the
requirement was a 'finished product' conforming to these principles while the
decision process and detailed design were left to the engineer.

The change in the building regulations opened the way to
non-traditional foundation designs. The basic idea in placing a foundation at
a reduced depth 1is to acrrange that the local frost penetration near the
foundation is limited as a result of the heat escaping from the building
and/or the heat released from the associated so0il on cooling and freezing
(known as 'soil heat'). This ‘soil heat' is stored in the ground during the
summer season and use of ‘ground’ insulation placed horizontally in the soil
limits release of the soil heat to outside air during the cold season and so
this heat is available to prevent the foundation area from getting too cold.

In the case of a heated house, the idea is to place adequate
insulation at appropriate locations (e.g. at the foundation wall) so as to
guide the escaping heat towards the base of the foundation, thereby preventing
frost from penetrating near the base. To reduce the foundation depth it may
also be necessary in certain cases to use artificial sources such as heating

cables, but the economics of this would have to be justified.
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Measures based on the ideas mentioned above would then ensure
that no harmful effects arise from any frost-susceptible soil below the
reduced frost penetration level. These concepts thus give protection from
frost action and shallow foundations are also comparatively easy to carry out
and can lead to cost savings. The result has been that shallow foundations
are usually used in Norway at the present time for light buildings.

To develop a set of guidelines for design against frost action,
the 'Frost I Jord' project was initiated in Norway around 1970 and continued
until about 1976. The project was a co-ordinated venture the main
participants being engineers at the Technical University in Trondheim and the
Norwegian Building Research Institute (NBI) in Oslo but others, such as
consulting engineers, had an input. The important results of Ad mson and his
co-workers in Sweden on foundations with a slab-on-grade and those with a
crawl space were utilised and formed a basis for some of the results of the
Frost I Jord project.

At the Institute for Building Technology (University of Trondheim)
Thue (1974) considered that design against frost action can be approached on
one of three levels. The first and simplest level is to produce a set of
approved schematic designs for each of the four climatic zones in Norway. On
the second level one develops a simplified procedure for calculations relating
to a certain scheme. The user can quickly check whether a certain design
solution is satisfactory from the thermal point of view. The third level is
the highest and most complex method whereby the transient heat conduction
equation is solved by a finite element computer technique with appropriate
boundary conditions. This level of approach would apply to cases where a
particularly high safety factor is required and it 1is important to go into
great detail. It also applies to specific cases of complicated or extreme

types of construction to which simgler methods are not applicable.
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The computer programs developed by Thue are a powerful tool for

the analysis of heat Fflow associated with foundations in the ground. They

produce a plot of the isotherms in the soil around the foundation of a

particular building under given climatic influences taking into account any

heat contribution from the building, latent heat of fusion and the change in

thermal conductivity of the soil on freezing. From the resulting location of

the critical isotherm, the optimum insulation can be designed according to its
material type, position, thickness and extent. The important criteria are the
depth of frost penetration in the ground and the floor surface temperature
inside the building.

The work of Thue and others at Trondheim was continued by Torgersen
and others at NBI in Oslo and by consulting engineers like Algaard. The Frost
I Jord project produced a series of publications bearing the same name and
culminating with Frost I Jord, Nr 17, 1976. This number brought together all
the previous theoretical and practical experience in an extensive and
comprehensive report which is considered by Scandinavian engineers to be a
reliable guide for design against frost action in soils. It contains chapters
written by various experts on different aspects of foundation design.

Based on the results of the Frost I Jord project, NBI started
publication in 1978 of a set of design sheets, the 'Byggdetaljer' ('Building
Details'). These sheets also had an input from the Norwegian building
industry and took into account comments on previous guidelines. The sheets
contained guidelines that were revised as necessary, the latest appearing in
modified form in 1987. They have been simplified and directed to the people
doing the building work. They are not considered as law but are accepted by
local authorities and the building industry as sensible and reliable

guidelines to follow. They are widely used in Norway by engineers, architects

and builders for reference and design in their offices and by engineers and

contractors on building sites.
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The ‘'Byggdetaljer' sheets propose guidelines that have a certain

built-in safety factor. They were drawn up for general use and with their

SR
help one can save time and there is no need to carry out a design for a k&&z&&g%
standard case on the basis of a computer program or by some other method. :!:'."'*':'v
Computer programs can be very time-consuming and in Norway frost protection is 3%5:;“&
based on the sheets and specific computer designs are very rare. Thus during ;?5%3%%%
1987, the Norwegian Building Institute carried out only one computer test for '%s“ﬂﬁgnﬂ
a group of consultants who wanted a very close and detailed study of the heat q:ﬁlkﬂ:
loss in different slab-on-grade constructions for a school building a}f;fﬁlﬁ
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(Torgersen, 1988).

Although there had been prior research on frost effects in
Finland, particularly in the middle of the 1970's, the Finnish guidelines of
1979 on foundation design against frost action were largely based on the
results of the Norwegian Frost I Jord project with some amendments to suit
local conditions and parameters in Finland. With the exception of Lappland,
the Frost I Jord results were found to be generally applicable to most of
Finland. It was, however, found that more insulation thickness was required
under Finnish conditions. The effect of installing insulation was to reduce
frost damage but some designers or contractors did not follow the guidelines
properly so that damages did occur in certain cases (Saarelainen, 1986).

On the basis of investigation of frost damages and experience

¥, .
||,‘t° e, 't‘
l "l"’l“?

with completed foundations, the 1979 guidelines were revised and new
guidelines published in 1987 by the Geotechnical Laboratory of the Technical
Research Center of Finland (VIT). This new 'code' amended the 1979 code and
introduced some changes, in particular stressing the importance of continuous
insulation under a foundation wall so that there is no cold bridge effect and
the necessity for extra insulation at corners of structures. The 1987 code

also referred to the mean snow cover during winter rather than the maximum

snow depth, and suggested use of a reduction factor to allow for snow cover in




Economics of shallow foundations

Individual foundation <cases may need to be investigated
specifically to determine the most economic foundation. Thus in Austria the
general preference is to place the foundation say 0.2 or 0.5m deeper using
additional concrete rather than to use insulation. Contractors are not fond
of using insulation because of the risks involved if it deteriorates with
moisture uptake (Brandl, 1987). On the other hand, with the vast experience
in using insulation in the Scandinavian countries, there is general confidence
in its use and proper functioning over the life of a structure. The large
economic savings due to multiple house developments such as the Skjetten
project in Norway have been mentioned above.

In Finland it 1is estimated that a single private house,
constructed with a slab-on-grade foundation and insulation, can entail a
saving of 200 to 300 Finnish marks ($50 to $75) per square metre as compared
with a foundation taken down to the frost-free depth in moraine (Saarelainen,
1986). The latter case would involve extra expense due to additional
excavation costs and time involved and the expense of disposing of unwanted
excavated material. The savings take into account the cost of the insulation
and its placing. Considerable economies can thus result if a large
development is carried out with many buildings involving similar multiple
shallow foundations.

During the 1970's the slab-on-grade method came to be generally
applied in Norway. As many as 50,000 to 100,000 houses have so far been built
with shallow foundations ('Building Details' A 521.111, 1986). The economies

have been considerable and the results very good.
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2. DESIGN CRITERIA
2.1 FREEZING INDEX
The Freezing Index F at a locality represents the amount of frost
occurring over a year and, in Scandinavia, is expressed as the product of
degrees Celsius below OOC and the number of hours of frost conditions
(10000 °ch = 750 °F days). F varies from year to year and a suitable
design value F, needs to be chosen depending on the particular application.

d

In Norway the maximum Fd value used 1is FlOO which 1is the
maximum Freezing Index occurring in 100 years. Contours of this ‘'Maximum
Freezing 1Index' are given for different parts of the country in Fig. 1. As
explained in Chapter 5, lower values of Fd may be used in certain cases,
e.g., Flo' FS or F2 corresponding to the Thighest Freezing Index
occurring in 10, 5 or 2 years respectively.

In Finland the maximum value of Fd used is FSO which may be

found from Fig. 2 for a particular locality. Less stringent design values of

F F or F (Fig. 3) are sometimes wused for particular

F 10’ 5 2

20°

applications.
The Swedish Standards (SBN 80) imply a maximum design Freezing

Index of around F since the frost penetration depth ho used in design

50
(Section 2.4) corresponds roughly to the maximum frost depth in a fifty year

period. Rather than using a Freezing Index, the Swedish Standards refer to
four temperature zones in Sweden ranging from the coldest Zone 1 in the north
of the country to the warmest Zone IV in the south (Fig. 4). Each zone does
not have specific parameters like information on the mean temperature and
length of winter. They are used, for example, in specifying wall and floor
insulation required to achieve an acceptable indoor climate (Knutsson, 1988).
In Norway such specifications (e.g., describing the highest acceptable heat
loss through building parts) are now the same for the whole country.

Previously four temperature zones were specified in the building code of 1981

(Torgersen, 1988).
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In Denmark, a design Freezing Index of 12000 to 15000 hOC is
chosen on the basis of the very severe winter of 1941-42 which corresponded to
an occurrence of once or twice in a 100 year period (Porsvig, 1986)

Insulation placed horizontally in the ground, 1i.e., ‘'ground
insulation’, limits frost penetration and reduces the effective Freezing Index
under the insulation. Fig. 5 shows the damping of the temperature
distribution under the insulation. Correctly designed ground insulation
should damp the temperature distribution so much that no frost occurs with

harmful ice formation in the ground below the insulation.

2.2 MEAN ANNUAL TEMPERATURE

The Mean Annual Temperature (MAT) at a locality is important in
connection with design of insulation placed in the ground outside the
foundation (e.g. see chapter 5). MAT is a measure of the 'soil heat' stored
in the ground over the summer warming period (Skaven-Haug, 1972). 'Ground
insulation® retards loss of this heat and so frost penetration is reduced.
MAT also influences the extent of frost heave, and MAT values are given in
Fig. 6 for Norway and in Fig. 7 for Finland determined over the period 1931-60.
2.3 SOIL FROST SUSCEPTIBILITY

Soil frost susceptibility is generally based on grain size
distribution with various classifications. For example there are three
classes of susceptibility according to Swedish criteria. The Norwegian
classification according to the State Road Board has four classes of
susceptibility. In Austria frost susceptibility criteria are the same for
building foundations as for road construction and have worked well over the
last 15 years (Brandl, 1987).

Frost damage is often due to faulty or insufficient Ground Water

Level measurement and more rarely to incorrect frost susceptibility

classification (Eriksson et al, 1985). To reduce the risk of damage, a more
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detailed assessment of the foundation soil's frost susceptibility and the

ground water conditions is required.

2.4 FROST PENETRATION

The frost penetration in free (i.e. undisturbed) ground ho is
an important design criterion and also the extent of its reduction by the
effect of a building and its foundations. For Norway Fig. 8 shows the maximum
frost depth in undisturbed sandy gravel without snow cover. Correction
factors are applied for other materials as shown in Table 1, the factor for
sandy gravel being taken as 1.0. No correction is usually made for the soil's

water content although the effect of this could be significant in some cases.

TABLE 1
NORWAY
Correction Factor for Maximum Frost Depth (Fig 8)
Material Correction factor
Stone 1.4
Sand/gravel 1.0
Silt 0.85
Clay 0.7
Tucf 0.3

(from Algaard, 1976)

Fig. 9 from the Finnish guidelines (1987) gives a rough estimate
of the expected frost depth in different soil types depending on the Freezing
Index in the locality and the presence of snow cover. This cover is normally
present almost all winter except for relatively short periods of variable
melting in fall and spring. Due to uneven accumulation of snow at a building
and its removal from trafficked areas, the effect of snow is not taken into
account in design of building foundations. 1In Fig. 9 the natural snow cover

corresponds to the average thickness of undisturbed snow cover in a given area

(Saarelainen, 1988).
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For no snow cover, Fig. 9 shows three curves for the frost depth "'.!'-‘
y (3 l."l
|.| ‘\"| ‘l ‘:.:" |

: '..“ .‘:’ "1.

o
%
[ ]

applying to different soil types ranging from gravel (curve I) to clay (curve

III). The effect of various thicknesses of natural snow cover in an average . ‘.

winter are shown only for soil II, i.e. silt and silty soils. For other soil

types the frost depth can be estimated by multiplying the values for soil II ::;‘}.:Jﬁ
AT
by the coefficients in Table 2 (Finnish guidelines 1987) these being mean - .'ﬁ ""
l‘... !
values for particular ground types. If more precise information is required, . A3
Y\
the designer must make local observations or more sophisticated analysis using ; \:.:::
0'..0'.0'
) i
the local soil profile, properties and thermal conditions. m::::ﬁ
SN
Tty
' @
KL
TABLE 2 }??i}jf‘,;
e L
Finland ’.g::i‘;f:“ .
5 t‘ v
&
Conversion coefficients for frost depth "" o
(Coefficient for silt is 1.00) TR
NSRS
:"j' '$(, \J
Ground type Conversion coefficient {'_‘;-:“‘.«N &
‘A‘: \ W zﬁ
Rock 1.50 TCTER
Sand, gravel and moraine 1.15 !Sj:‘.d::.:
Silt 1.00 ':‘;:,q 0
Clay 0.85 S o
Turf 0.60 Bl
-3, 3.8 4.
) L)
NXREA
'IQ.I'.O;'
\J '|1,:‘v
R
Fig. 9 was prepared on the basis of statistical treatment of 1‘:‘,152;
F‘ r' n
actual frost depth observations, over a period exceeding 10 years, at various 'J"’I .
e Y \J
stations in Finland with nown ground conditions, the snow cover being w _
2 ’v.i‘H::‘
measured, (Saarelainen, 1988). The mean depth to ground water is about 1lm in t"‘y N
. . . . . h‘i‘\ t‘ u
Finland and capillary rise is usually more than 0.5m. Hence the soil can \ PY
. BRI
usually be considered saturated almost up to ground surface. Apart from the ":'e‘:"‘:*"z‘
'l;.t"l {.Q
. .l‘ ! ’e' 'r'ilo
degree of saturation other factors influencing frost depth are the geothermal 'a::::j,:::.:.f,
s

gradient and the Mean Annual Temperature. ) ®
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In determining the frost depth, Finnish practice uses 'silt' as
the basis while Norwegian practice takes 'sandy gravel'. The Swedish Building
Standards refer to natural layers of 'frost-susceptible friction soils' or
'‘moraines’'. The 'maximum frost depth’ ho in these layers for various parts
of Sweden is given in Fig. 10. This frost depth is the value occurring in a
winter with ‘'particularly extensive' frost penetration. This is not clearly
defined by the Swedish Standards but it is taken to mean the worst winter in
50 years (Knutsson, 1988). Fig. 10 applies to soil that is free of snow,
without vegetation cover and does not receive any heat from a building, pipe
etc. Also it is assumed that normal penetration of frost is not hindered, for
example, on account of ground water lying near the ground surface. The values
of ho are considerably generalized. For soils with a small water content
ho would be larger while it would be smaller if the water content is larger.

A significant difference between Finnish and Norwegian design is
that allowance is made in Finland for the effect of snow cover in connection
with ‘cold' structures. The 1987 Finnish guidelines give design values for
the average snow depth in winter appropriate to different regions of Finland
(Fig. 11). VUsing the average snow depth is considered better than applying
the maximum snow depth as was done in the 1979 Finnish guidelines. The extent
of snow cover may be used together with the design Freezing Index to estimate
the frost depth from Fig. 9.

Where snow cover is to be neglected in Finland, the frost-free
foundation depth can be found from Fig. 12. According to the guidelines, this
figureAapplies to unheated structures such as stores, garages, sheds, masts,
exterior staircases and supporting columns or walls. It gives the frost-free

depth occurring once in 50 years for silt or silty sand or silty moraine

(Soil II of Fig. 9).
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In case one wishes to use a less stringent design Freezing Index,
' occurring once in a period of less than 50 years and the foundation soil is
; different from soil II, the corresponding Fd for a Finnish locality is first
found from Fig. 3 and then applied to the appropriate (snowless) curve in
Fig. 9 to determine the frost-free depth.
)
2.5 CRITICAL ISOTHERM
Since there is usually a significant depression of the freezing
. point of water in soil, Adamson et al (1973) suggested that the critical
. : o ol
isotherm should be taken as that representing a temperature of -1 C. At Yty
P & P ‘e

that temperature, it is not unusual to find some unfrozen water still present
together with ice lenses that have formed in water-saturated soil. 1Ice lenses
generally follow the isotherms and the forces produced are therefore mainly at
right angles to the isotherms (Fig. 13) but they tend to incline towards the
direction of least resistance.

Accordingly, in their analysis Adamson et al took the frost
penetration depth as the vertical distance from the outside ground surface to
the point of intersection of the —loC isotherm with the downward extension
of the inside edge of the foundation wall (i.e. intersection with the vertical
x = 0 in Fig. 14). Whereas Thue (1974), working in Norway, originally used
the OOC isotherm as the critical isotherm, the definitive Norwegian Frost I
Jord report (Torgersen, 1976), followed Adamson in Sweden and fixed on the
-1°C isotherm as the appropriate design isotherm. The requirement was
stipulated that this isotherm should not penetrate under the foundation to an
’ extent greater than one third the foundation width (Fig. 15). Only a very

small amount of the frost-susceptible soil then freezes such that no damage is
caused to the foundation. In Norway this criterion implies that the

foundation depth will vary from about 0.4 m to about 1.2m from the mildest to

o
the coldest region (up to a design Freezing Index of 60000 h C) where no

..Akound insulation is used for extra grotection.




Design practice in Finland 1is to regard the OOC isotherm as
being critical and this introduces an extra safety factor as compared with
Swedish or Norwegian practice. Fig. 16 shows the basic design principle or
criterion used in Finland. As shown the 0°¢c isotherm must not fall within
the 2:1 load spread area beneath the foundation i.e. the prism formed by two
boundaries the gradient of each Dbeing 2:1 (vertical to horizontal).
Accordingly the soil in this area would not freeze and therefore there should
be no adverse heave effects.

Whereas the Swedish criterion of Adamson et al (1973) requires
that the -1°C isotherm should not penetrate beyond the inner edge of a
foundation wall. the Finnish criterion specifies that the 0°c isotherm
should not penetrate beyond the outer edge of a foundation (Fig. 16a) or a
foundation wall (Fig. 16b). This further limitation of the Finnish design
method contributes to another increase in safety factor as compared with
Swedish and Norwegian methods.

The Finnish guidelines (1987) give an example of a finite element
method used to estimate the temperature distribution for a slab-on-grade
foundation (Fig. 17). In the case 1illustrated the slab has increased
insulation near the foundation wall which has inside insulation. Ground
insulation is used with non-frost-susceptible material above and below it,
while such material is also present below the floor and foundation wall. The
heat flow analysis is based on non-stationary and non-linear conditions, the
non-linearity being due to the generated heat of freezing. A computer program
is used to calculate the temperature at the nodes of a typical finite element
mesh for the boundary conditions shown, requiring:

(1) The dry unit weight and moisture content of the coarse material
and that of the underlying soil from which the rate of production

of latent heat of freezing is calculated.
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(2) The specific heat and thermal conductivity of each material
component in the model.

(3) An estimate of temperature conditions at the initial time point
of the calculation procedure.

(4) The outside temperature conditions corresponding, for example, to
the design winter.

(5) Other boundary conditions.
The isotherms can then be determined and, if the 0°c isotherm

has an unfavorable location, the insulation is increased and the analysis

repeated.

2.6 FOUNDATION DEPTH

According to design in Norway, Sweden and Finland, Chapter 3
deals with foundation depths associated with slab-on-grade designs while
Chapter 4 considers depths for foundations with crawl spaces.

In other European countries foundatlons are usually placed at the
frost-free depth if the ground is frost-susceptible. Thus in Austria the
general rule is that the foundation must be below the frost-free level with an
added safety factor depending on the type of structure. The greater the
sensitivity of the structure to frost effects, the deeper the foundation
should be. Foundation depths have ranged from 1.2m (for a small house) to
2.2m. The local climate has a large effect and in one case there was 3m of
frost. There is reluctance to use insulation to reduce the foundation depth
(Brandl, 1987).

The specification in Czechoslovakia is also that the base of the
foundation must be below the frost depth. The Standard prescribes a general
minimum depth of foundation of 0.8m but this is increased to 1.2m in cohesive

soils where the Ground Water Level is less than 2.0m below the surface. The

minimum foundation depth is further extended to 1.4m below ground level if
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the soil is cohesive and liable to shrinkage (Prumstav Pardubice, 1987). On
the other hand if the soil is non-frost-susceptible, the foundation depth can
be a minimum of 0.4m. For regions in Czechoslovakia having a Freezing Index
greater than 15000 hOC, the foundation depth is to be increased from the
general value of 0.8m specified by the Czech Standard (VUIS, 1987). Recently
there have been attempts in Czechoslovakia to build foundations shallower than
the Standard specification by designing thermal insulation for protection but
no details are available.

The rule of thumb in West Germany, based on experience, states
that the foundation depth should normally be 0.8m and this is extended to
1.2m in mountain areas. No thermal insulation appears to have been used in
association with foundations (Jessberger, 1986).

The case of Denmark is interesting since it shows the lack of
rationality in some procedures. According to Porsvig (1986) the foundations
of old Danish buildings (of light construction in 1 or 2 stories) were carried
out a hundred or more years ago with a foundation depth of 0.3 to 0.45m. Such
buildings, that were not founded on deposits liable to settlement, have shown
no signs of damage that can be attributed to frost heave of the foundations.
A hundred years later Danish tradition changed so that foundations were placed
deeper under the ground i.e. 0.6 to 0.9m. This perhaps resulted from the
introduction of a new floor construction method, namely a foundation with
crawl space. After the winter of 1941-42, the Danish Standards stated that
the frost-free foundation depth should be 0.9m or more! However, while the
statement is that this depth should normally be between 0.9 and 1.2m,
depending on the soil's frost susceptibility, the actual depth used can be
less if there is a heat contribution to the foundation soil or if insulation
is placed or drainage measures applied. A smaller foundation depth is allowed

with free-bearing foundation structures if there is no damage from freezing of

the soil wunder the foundation. Notwithstanding these guidelines, it is
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understood in Danish practice that a designer is allowed to use a particular

foundation method if it can be justified.

2.7 FACTOR OF SAFETY

In Swedish and Norwegian practice, the effect of snow cover is
neglected and this builds in a safety factor in the design. This is also the
case in Finnish design practice for heated buildings but allowance is made for
the effect of snow cover in certain types of cold structure. Other factors
that influence the safety factor in the design process are (Saarelainen, 1988):

(1) Selection of the probability level of the design winter at the
location i.e. the design Freezing Index.

(2) Selection of the thermal conductivity value of the insulation
material in use considering the risk of increasing moisture
content in the long term and ageing effects of the insulation.

(3) Evaluation of the frost susceptibility of the local ground.

Because the effects of these may counteract each other, an extra safety margin
has not been included in Finnish design, the probability being small that all
risks are mobilized together. Design of structures is an art of varying
uncertainty but there is no evidence to indicate failure of frost design in
Finland. Rather, in the analysed damage cases, the thermal behavior agrees

with the thermal analysis used in design.
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3. SLAB-ON-GRADE FOUNDATION

3.1 PRINCIPLES

A slab-on-grade foundation has been increasingly used for light
buildings because of its relative ease of construction and economy. It
involves placing a slab, often of concrete (e.g., Fig. 18), more or less on
existing ground or on suitable coarse material, with the associated foundation
wall ('ringwall' i.e., perimeter wall) based above the frost 1level in
undisturbed ground. With such a shallow foundation depth there is safety from
frost action because frost penetration near the foundation can be reduced in
one or more of three ways:

(1) By the heat escaping from the building (mainly through its
floor), this heat being guided towards the foundation area as
much as possible.

(2) By the use of external ‘'ground insulation', generally placed
horizontally near the foundation wall, to limit the loss of 'soil
heat' to the atmosphere and thereby reduce the depth of frost
penetration at the foundation.

(3) By the use of an artificial heat source such as a heating cable.

Design against frost action in the case of slab-on-grade is
closely interlinked with requirements for thermal insulation of the floor of
the building (i.e., adequate floor surface temperature) and also requirements
for protection of this floor against the effects of moisture and water vapor
from the underlying soil.

A slab-on-grade foundation 1is generally one of two types
depending on the way in which the weight of the bearing walls is transferred
to the ground:

(a) A slab with thickened edges cast integrally (Fig. 19)

(b) Separate slab and foundation walls (Fig. 20).

A
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In case (a) the interaction between the edge beam and the slab
has the advantage of distributing the load over a greater area thus reducing
the bearing pressure and consequent settlement. However the slab would be
subject to great strain if the edge beam settles. 1In case (b) the slab can be
entirely free of the foundation walls or it can be supported. Since there is
no continuity between the slab and foundation walls, the slab undergoes less
strain than in case (a).

Type (b) 1is simpler both with regard to construction and in
statical terms. It is also better suited to allow for minor ground
irregularities. In contrast to Sweden, most houses built in Norway as
‘slab-on-grade’ have been of type (b). The Swedish emphasis on type (a), the
edge-reinforced slab, is partly because Sweden includes a number of low-lying
areas containing extremely wet clay so that settlement is a very real problem
and load spread is ﬁecessary. However the interaction between the slab and
the thickened edge resulted sometimes in cracked slabs and special
reinforcement was required to withstand the stresses due to considerable
settlement. In Norway, on the other hand, normal slab reinforcement is
sufficient and concrete foundation walls are generally 20cm thick with no
footings, but foundation walls of ciinker bricks are often used (Torgerson,

1975). :

3.2 USE OF SLAB-ON-GRADE

The slab-on-grade foundation method c¢an provide a shallow
foundation where excavating for a deeper foundation would be more difficult or
costly or could lead to drainage problems (e.g. arising from a high ground
water level). 1In the past 10 to 20 years houses with shallow foundations in
Norway have often been the only kind not to exceed the cost limits set by the
Norwegian National Housing Bank. It is expected that, in the foreseeable

future, the slab-on-grade method will be a major foundation method (Norwegian

'Building Details' A 521.111).
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3.2.1 Site and terrain conditions

t"f:.l'

NN
o A

: N . L,
Founding a slab directly on existing ground requires practically BOBLAgE
. . sty
flat terrain with a level difference under 0.5m. Any fill required must be .,c‘l:::::::tz::
DTN
(MM M)
well compacted so as to resist further compression later. Filling and ::::.:::::o::"
.‘ .' C\l ".(
At g
compaction of frozen soils under winter conditions can cause large settlements ""‘"""
. . ' SO
during spring thaw. ‘\)._-"._. ~
“":;:Z !

s

Use of slab-on-grade is not suited to ground with marked }:"'\ ,::,
» I\ ¥

differences in level. However, in steeply sloping ground it can be feasible

) . AN
and economical to build a combination slab-on-grade with basement (Fig. 21). ¥, “‘l‘"l

In this way the foundation depth at the front edge is reduced. This can be :"::s::v.‘:..a.:::
done where the ground consists of soil or rock and results in a considerable .‘E:"!'.'"‘
extension of the usable floor area of the building. ::::g%

In rocky ground, an economic foundation can be carried out by ;é%:\:‘:s:
using compacted broken stone obtained from site blasting (Fig. 22). The H ",':"qf‘

particle size and gradation should be controlled to obtain a dense fill. With

RN
adapted cut/fill in sloping terrain, one can economise in the mass balance for ‘:.3:"‘:::::‘:::
ety
At
each house such that earthwork is kept to a minimum. 2] ——
A
OO
In hilly terrain the slab-on-grade method could be feasible for "&!'l:,::"‘g::
' 0
Wy
large construction projects where a rational cut/fill technique can be t'::n:".'::.’
v I.Q"lg'l. ' 3
ottty
followed to minimise earthworks as was done in the Skjetten development ; °
a2 8, .
OO
described below. As a result the amount of excavation was considerably less .::::::::"::0!:9
e
than with other types of foundation. ;“4::»‘:::‘::::
L}
Bty
) ®
R l‘.‘t'
Soil conditions ."' t"::":z
R
' .
Any topsoil and organic soil must be removed prior to the s .:ﬁ;
“’ I":lﬁl
building operation. Small buildings, like small houses of one or two stories, ’ °®
l]:"&.:ﬁ N 'l;‘;v
can usually be supported on a foundation wall without footing. However, if :..::,i:{.:n:.
ey
the ground bearing capacity is too low, the need for a footing must be :::c:::::::gf
SN
LIRS
specially evaluated. With wet clay it may be necessary to spread the wall [ ® |

loading over a large area on the ground. As previously mentioned this can be
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achieved by casting the foundation wall and slab as one integral unit with
reinforcement to get joint action (Fig. 23). Such a construction must be
specially designed with regard to concrete thickness and required
reinforcement.

In the case of wet underlying soil it is often necessary to use a
separation layer between this soil and the drainage layer under the slab. The
separation layer can consist of 50 to 100mm sand or a synthetic fiber mesh,
acting as a filter to prevent the overlying drainage layer from being clogged
up. Requirements regarding drainage layer and capillary break are given in
Section 3.6.

An  evaluation must ©be made to see if the soil s
frost-susceptible because this has an influence on the foundation depth and
the thermal insulation procedure, especially in a particularly cold area. In
Norway a 'dry crust' layer occurs over large areas leading to special design
considerations. It is a very hard top layer, usually clay or silty clay, with
a thickness of 2 to 4m. It exhibits a system of fine cracks from drying and

shrinkage and is often very susceptible to frost heaving (Torgersen, 1988).

3.2.2. The Skjetten development

The Skjetten development near Oslo is an example of a large scale
project involving slab-on-grade foundations for many row houses (Eiesland,
1972). It was carried out in 1970-72 on an extensive site with undulating
terrain. The ground level was optimally adjusted using a computer program to

give cut or fill areas to get grades suitable for slab-on-grade foundations

for the houses. The particular foundation design is shown in Fig. 24 where
the slab consists of 80mm concrete lying on 150mm stabilised (i.e., cement
bound) light expanded clay aggregate called 'Leca’. This has thermal

insulation properties and also acts as a moisture and vapor barrier. It has

an important function in the period after construction allowing the concrete
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slab to cure downwards after an impervious floor covering has been placed on
the slab.

It is important in such foundations that there should be no cold
bridge effect at the junction between the slab and a foundation wall. In this
design a cold bridge was inhibited by placing 30mm cork insulation between the
slab and the concrete foundation wall as shown in Fig. 24. Also a heating
cable supplying 25 W/m was placed in the floor near the floor/wall joint.

Vertical insulation was placed on the inside of the foundation
wall and consisted of 50mm of ‘'Rockwool' (a mineral wool). This insulation
guides heat from the house down toward the foundation base. 1In spite of this,
Faeroyvik (1972) pointed out there was still some cold bridge effect below the
insulation which could be obviated by using designs such as in Fig. 25 and
Fig. 26. In the Skjetten scheme, use of outside, instead of inside,
insulation on the foundation wall was indeed considered. Although outside
insulation would have been thermally more effective, it was rejected on
practical grounds because of the difficulty of applying insulation protection
to the particular Skjetten foundations with all the steps in level and the
facade indentations.

The reduced foundation depths in the Skjetten scheme were
calculated from a complicated formula taking into account the duration of the
frost period, the inside temperature of the house, the thermal conductivities
of frozen and unfrozen soil, latent heat and other factors. Construction
continued in winter and detailed thermal studies were carried out to determine
necessary protection in the cold period (Eiesland, 1972).

The development was carried out in an area where there was a
considerable thickness of dry crust material in which traditional deeper
foundations would have been more costly. The scheme gave substantial economic
benefits but the design would require variation to suit the conditions of

specific small schemes or individual houses.
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3.3 FACTORS INFLUENCING FROST PENETRATION
As compared with undisturbed free ground, frost penetration at a
: slab-on-grade foundation (for a heated building) is less (Fig. 27) and its
extent depends on a number of factors. These were investigated in Sweden by
Adamson et al (1973) and in Norway by the Frost 1 Jord project that was partly
based on the computer results of Thue (1973). The studies of Adamson et al
applied to the two types shown in Fig. 28, but the Norwegian work reported by
Torgersen (1976) involved theoretical analysis of type (b) i.e. a slab
separate from the foundation walls.
Climate
In their computer analysis Adamson et al (1973) assumed the
outside temperature To to vary as a cosine function according to Janson
(1968):
T0 = Tm + Ta cos wt (2qw = 1 year)
where Tm = annual mean value of air temperature (over a 30 year period) and
the amplitude Ta is determined so that the resulting Freezing Index equals
FSO'
Different climatic conditions were considered covering the range
of temperature zones I to IV in Sweden (Fig. 4). 1In one case the greatest
frost penetration occurred four weeks after the lowest outside temperature
(Fig. 29). The lowest outside temperature used in the calculations was
-16.7°%¢ for Haparanda (at the border with Finland).
The Frost I Jord report (Torgersen, 1976) considered a similar
cosine outside temperature distribution and a distribution based on the mean

daily temperature but giving the same Freezing Index (Fig. 30). Computer

calculations showed that the resulting magnitude of the frost depth at a
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; foundation was practically the same for each temperature distribution. It was A$3$33335
, deduced that the Freezing Index is the decisive parameter as regards the depth gsgsgsgi
of frost penetration at a specific site. The climatic influence can therefore :ﬁﬂhﬁzf'
be represented by a local Freezing Index, while the Mean Annual Temperature &qé{%%%%
&

J ()
’l.‘go@ e




plays only a small role in the case of a well-insulated slab-on-grade
foundation. The Freezing Index for design is taken in Norway to be the
greatest value in a 100 year period i.e. FlOO'
Snow _cover

In one case of their analysis, for example, Adamson et al found
that natural snow cover reduced frost penetration from 0.5 m for snow-free
ground to 0.0 m. However snow is often removed from areas near a building.
The effect of snow is not taken into account in the design of slab-on-grade
foundations for heated structures in Sweden, Norway or Finland. The presence

of snow in practice provides an insulation effect and gives an increased

safety factor.

Size of building

Adamson et al showed that frost penetration at a corner for a
building with overall dimensions of 4 x 4m, was approximately the same as for
a building of size 10 x 10m. In the middle of the facade (outer wall) frost
penetration is insignificantly larger in the case of the smaller building.
The results were thus applicable to buildings with a width (i.e. smaller
dimension) equal to 4m or more. This agreed with the stipulation of the 1967
Swedish Building Standards concerning the application of certain design
requirements to buildings with width of 4m at least. If a building is smaller
it would need to be analysed specifically.

Floor insulation

The Swedish study of Adamson et al showed the effect of the floor

insulation thermal resistance R1 on the frost penetration zf for two cases

(Fig. 31). 1In one case there was no edge (or foundation wall) insulation

(i.e. Rz = 0) and in the other case the edge insulation had a thermal

2 . .
resistance Rz of 1.08m K/W. With more floor insulation the depth of frost

penetration increases in each case because less heat escapes to the foundation
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area. Increase in R

1 from 1.0 to about 2.15m2K/w. however, causes only a

small increase in the frost penetration. If R is 1increased above

1
2.15m2K/w there is an insignificant increase in frost penetration.

An uninsulated floor would give the best protection against frost
but some insulation is necessary to provide a comfortable floor temperature.
Fig. 32 illustrates the effect of removing floor insulation in a case where
horizontal 'ground insulation' is used. Position ¢, without floor insulation,
is much safer as regards possible frost damage to the foundation but would
increase the heat loss requiring extra inside heat (Klgve and Thue, 1972).

Associated with frost-susceptible soils, the required thermal
resistance of the floor insulation is in the region of 1.0 to 2.0m2K/w
depending on the climate. This is equivalent to about 40-80mm of expanded
polystyrene. If the Freezing Index is 50000 n’c an increase in floor
insulation from 1.0 to Z.OmZK/W means an increase of frost penetration of

about 20% but with an energy savings (Torgersen, 1976).

Foundation wall insulation

Vertical foundation wall insulation is used to limit the heat
loss from the building and particularly to help guide the heat towards the
foundation base thus reducing the frost penetration as is evident from Fig. 31
This reduction continues until the thermal

by comparing the two curves.

resistance of the insulation R, increases to about lmlew (equivalent to

2
about 40mm expanded polystyrene or 0.25m light clinker blocks).

Adamson et al
(1973) found that, if the insulation was increased further, there was no
appreciable effect on the extent of frost penetration (Fig. 33). There is
little point in having too high a value of RZ'

However the place where the insulation is put is significant.
External insulation gives less frost penetration than insulation placed

internally on a foundation wall. An advantage of inside insulation is that it

does not need protection as does outside insulation. Also it is easier to
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retro-fit a building with inside insulation but space inside the building is
lost.

Thue (1974) showed that using inside insulation without floor
insulation gave similar results to insulating the floor together with
providing outside insulation. This means that the increase in heat loss
through the perimeter resulting from moving insulation from the outside to the
inside of a foundation wall is practically equal to the reduction in heat flow
to the foundation resulting from insulating the floor.

The results of Adamson et al (1973) showed that a foundation wall
composed of light clinker blocks reduced frost penetration in one case to
0.37m as compared with a penetration of (.60m for a foundation wall of
concrete or hollow concrete blocks. A concrete wall acts as a thermal bridge
conducting heat to the side (outwards) rather than directing it down towards
the foundation base thus leading to a greater frost penetration. The greater
thermal resistance of a foundation wall composed of light clinker means that
it may not require additional thermal insulation as does a foundation wall of
concrete.

Height of foundation wall above ground level

The vertical distance from the floor surface of a building to the
outside ground surface may be termed the pedestal height. If this height is
increased. there 1is more exposure and more heat will be lost without
benefitting the foundation. Frost penetration at the foundation therefore
increases (e.g. Fig. 34) necessitating more insulation of the foundation
wall. The edge or foundation wall should therefore not be made unneccessarily
high.

In the Swedish Building Standards (SBN B80) it 1is stated that
extra insulation of a foundation wall is required if the pedestal height is

greater than 0.3m and that this height should not exceed 0.6m. The Norwegian

Building Details (A 521.111) require special protection if the floor lies
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)
; higher than 0.6m over outside ground. The Finnish guidelines (1987) also
consider design for a pedestal height up to 0.6m with greater values requiring
special treatment.
Ground insulation
Ground insulation placed horizontally (or, sometimes, obliquely)
i in the soil outside the foundation has a strong influence in reducing frost
penetration by limiting release of 'soil heat'. Such insulation is therefore
" suitable especially for extra protection against frost at a corner of a
: building or near a cold section situated at an outer boundary. It is also A
desirable around the whole of the building in a specially cold climate ¥ "‘:!"'
! requiring additional frost protection. The insulation width is usually up to E;igﬁy
1.0m with a thermal resistance of 1.0 to 1.5m2K/w. There is little point in ‘ﬁ,g‘;
. overdesigning the ground insulation since this is not likely to cause much 'ﬁ" .
3 further reduction in frost penetration as shown by the computer results of P%ﬁ%g;
. it e
Thue (1974). \‘;'-:;“‘RE:;
At a corner of a building there is exposure to frost from two "":::
‘ sides and frost penetration is consequently deeper than in the middle of an %
; outer wall. Adamson et al (1973) showed that the penetration is often double
N or more at a corner and Fig. 35 exemplifies the increase in frost penetration
’ as a function of distance from the corner. It was found that the corner
4 effect disappeared completely for cases in southern Sweden at about 1 to 1.5m
from a corner and in northern Sweden at about 2m from a corner. Extra ground 6”
; insulation is thus required at corners particularly for places with a high “"Eﬁ:‘iﬁ:‘:
J
‘; Freezing Index and this is recognised in Swedish, Norwegian and Finnish &é&g?%g
guidelines. * ‘..
; Cold bridge effect ,§§§§§§§
’ Fig. 36 shows an example of a foundation design which was much Qéﬁ?i.
. used in Finland because of its ease of construction. It resulted in many ﬂ&ﬂﬁi;'

cases of frost damage during the severe winter of 1984-85 because frost




>‘V" . gt it . pH das y - - - - - - - - --I“‘-".I -

30.

penetrated under the foundation wall as can be seen from the vposition of the
OOC isotherm. This resulted from the cold bridge effect occasioned by the
fact that the insulation is not continuous under the concrete foundation
wall. The damage could have been prevented by having designs such as shown in
Fig. 37 or, in south Finland, by building the foundation wall of light
expanded clay aggregate instead of concrete (Kivikoski, 1986). With a design
as illustrated by Fig. 37, the cold bridge is broken and the 0°c isotherm

does not approach the bottom outer edge of the foundation wall.

3.4 THERMAL CONSIDERATIONS FOR BUILDING/FOUNDATION
Thermal insulation of the floor should be designed so that the
floor temperature is not lower than 16°C. Too low a floor temperature would
not be comfortable and could result in condensation at the surface of the
floor. The floor surface temperature depends particularly on the inside
temperature of the building and on the heat flow across the floor and other
heat losses from the building walls and foundation walls.
To save energy there has been a tendency in recent years to lower the
inside temperature below the guideline value assumed in design and this
resulted in many damages. A lower inside temperature would require more floor

insulation and/or a lower foundation depth.

3.4.1 Heat flow from a building

Adamson's study

Adamson (1973) reported the results of computations assuming
non-stationary, and stationary, heat flow related to 1long rectangular
buildings and to square buildings. Heat flows and floor temperatures were
calculated for 19 two-dimensional cases applying to long buildings and for 14
three-dimensional cases applying to square buildings. In the latter heat flow

downwards would not be confined to a vertical plane. The two types of
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slab-on-grade foundation shown in Fig. 28 were analysed. The inside
temperature of the building was generally assumed to be ZOOC. The variables
considered were geographical position (giving the outside temperature), floor
slab insulation, insulation of ‘'bottom wall wunit' (i.e., edge beam or
foundation wall) and external horizontal ground insulation. The heat flow
across the floor was analysed by a forward difference finite element method
which gave the 1isotherms at a certain time after the lowest outside
temperature.

In the case of long buildings the isotherms were represented for
a vertical section parallel to the shortest dimension of the building. For
square buildings the isotherms were those occurring in the vertical plane
through a diagonal. The cases studied corresponded with those used in the
studies of frost penetration (see Section 3.3) and required foundation depth
(Section 3.5). The results of Adamson's computations based on stationary heat
flow agreed well with those on the basis of non-stationary flow, within a zone
about 1 metre from an external wall.

In the middle of the floor. heat flow was much higher in a square
building than in a long building of the same width because of
three-dimensional flow in the former case. Comparison of the combined thermal
resistance values of the floor construction and underlying soil in the two
cases, showed a considerably higher value in the case of the long building
because heat has to travel a longer distance down from the middle of the floor
and around the bottom of the foundation.

For a square building an 1illustration of the heat flow at
different points of the floor is given by Table 3. This shows how the heat
loss increases from the middle of the floor to an external wall. Heat loss

also increases from the middle of an external wall to a corner.
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TABLE 3

Greatest heat flow through floor surface in a square building
10x10m situated in Stockholm
Co-ordinates x and y are parallel to the sides
and measured from the center of the plan

Greatest heat flow (W/mZ)

y at the point x,y
m
X = 0.50 2.30 3.25 4,20 4.85 m
0.5 3.1 3.6 4.9 7.8 12.7
2.30 3.6 4.3 5.5 8.1 12.9
3.25 4.9 5.5 6.4 8.8 13.3
4.20 7.8 8.1 8.8 10.8 14.2
4.85 12.7 12.9 13.3 14.2 16.4
Note: Values which are underlined refer to a diagonal of the building

It was also shown that the thermal resistance between a point on
the floor surface near an external wall and a point on the ground surface
outside the building is practically independent of the boundary temperature in
the ground and of the outside air temperature. This means that the results of

the computations have wide general applicability.

Frost I Jord project (Torgersen, 1976)

In a typical Norwegian house with slab-on-grade construction the
percentage heat losses during the cold season (the winter half of the year)
are as shown in Fig. 38 and increase as the outside temperature drops. Only
about 10 per cent of the total heat loss from the building is represented by
the heat 1loss through the floor, the actual percentage depending on the
effectiveness of the 1insulation of the house above ground. The heat loss
through the floor passes through the ground below and rises towards the
outside air by means of an approximately semi-circular path. The effect is to

reduce the frost depth near the foundation as compared with the frost depth in
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undisturbed ground (Fig. 27). An important aspect of design is to use a floor
insulation that will allow the requisite amount of heat to flow towards the
foundation base, thereby reducing frost penetration under the foundation wall.

Some of the heat loss from the floor attempts to follow other
paths such as through the floor/foundation-wall connection (where a ‘'cold
bridge®' could form) or further down across the foundation wall. Interruption
of the possible cold bridge and adequate vertical insulation of the foundation
wall would guide most of the heat lost from the floor to the underside of the
foundation wall. Insulation of the foundation wall is described in Section
3.4.6. Additional protective measures could be installation of heating cables
or heat ducts in the floor area near the connection with the foundation wall
and/or placing horizontal ground insulation in the soil outside the wall to
reduce frost penetration (Section 3.5).

Ground insulation inhibits the release of the 'soil heat' which
is stored in the soil during the summer half of the year and is available to
retard the downward advance of frost. As the outside temperature continues to
drop below OOC. the soil heat is gradually given up as the unfrozen soil
cools, and when it freezes releasing latent heat, and as the frozen soil cools
further. Compared to the soil heat, the geothermal heat from the earth's
interior is insignificant. An idea of the relative magnitudes of the heat
contributions is given by Fig. 39 which shows the importance of the latent
heat given up on freezing.

Where there is frost-susceptible ground, approximately continuous
heating of the building is assumed to take place in the cold season giving an
inside temperature of 18°C. Heating can be reduced temporarily, e.g., when
a 3 weeks' vacation is taken during winter, but the inside temperature in this
case must be at least SOC.

Heat flow from the floor of a building depends on the thermal

resistance it encounters. Modern insulation material with a large thermal
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resistance can be used to reduce the heat flow. The underlying soil also has
a certain thermal resistance depending on its properties and on the length of
the heat flow path through it. As shown by Adamson (Table 3) the largest heat
flow across a floor occurs near the outer walls because flow paths to the
outside air are short. In the middle of the flcor the heat flow is much less
because heat has to traverse long distances through the ground before it can
reach outside air. In this case the total thermal resistance along the heat
flow path will be dominated by the ground's thermal resistance while floor
insulation plays a smaller role. The effects of floor insulation may be seen
by comparing Fig. 40 and Fig. 41. In Fig. 40, the insulation has a low
thermal resistance and heat flow across it is therefore large. The floor
surface temperature is reduced, but the frost boundary does not advance very
deep at the foundation wall because of the effect of the large heat flow
contribution from the floor. On the other hand in Fig. 41, the floor
insulation has a large thermal resistance which restricts heat loss across it
and thereby maintains a higher floor surface temperature. As a result the
frost boundary advances deeper down at the foundation wall so that the
foundation depth must be increased.

The starting-point in the slab-on-grade design process is to find
the necessary floor insulation such that an acceptable floor surface
temperature can be obtained. One must then make sure that the frost boundary
does not advance too deep and that the chosen foundation design is not likely
to be damaged by frost action.

A cold bridge at the junction floor/foundation-wall/outer-wall
(Fig. 42) can lead to an wuncomfortably cold floor. In forming these
ccnnections great care must be taken to assure interruption of a possible cold

bridge and there must be air tightness.
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A heating cable in the floor along an outer wall gives a
comfortable floor temperature all the way out to that wall if the floor is
well insulated. 1Insulation on its own would usually not suffice to produce a
comfortable temperature in a floor strip within 0.3m of the outer wall

(Fig. 43 ).

Danish heat flow analysis

From a recent investigation by the Thermal Insulation Laboratory
(1982) in Denmark, Fig. 44 shows 2-dimensional heat losses through the floor
and wall as compared with l-dimensional heat flow determined according to the
Danish Standards 418 (giving rules for calculating ﬁeat loss from buildings).
The 2-dimensional heat loss, Q-2, may be almost three times the values
indicated by the Danish Standards. By comparison the work of Adamson (1973)
considered only 1-dimensional heat loss through the floor (and loss through
the foundation wall) without apparently including heat loss through the
building wall above the floor.

The Danish study was entitled 'The Low-Energy House Project' and
analysed design of foundations for energy conservation houses. Different
s!ab-on-grade foundation designs were studied as shown in Fig. 45 offering a
variety of technical solutions to the problem of cold bridges. From about
1960 most single family houses in Denmark have been one-storey houses without
basement and built with a slab-on-grade foundation. The connection
floor/external wall/foundation-wall often resulted in a severe cold bridge.
The traditional type of foundation for Danish slab-on-grade houses is shown in
Fig. 46 and a construction that has recently been used is given in Fig. 47.
(It has not been Danish practice to install external ground insulation).

For each of the designs in Fig. 45, computer calculations were

made to obtain the 2-dimensional heat flow. The calculated values of Q-2 are
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shown in Fig. 48 for each of the designs together with the associated

insulation. The rcsults showed the considerable importance of effective
vertical perimeter insulation extended to the correct depth. An illustration
of this is a design shown in Fig. 49a which has an extremely well insulated
floor but the heat loss is high due to continuous concrete between the slab
and a foundation wall. 1In Fig. 49b there is an improvement resulting from the
replacement of the unusually thick concrete slab by an ordinary 100mm slab.
Separation of the floor slab from the inner part of the foundation wall by
introducing mineral wool (Fig. 49c¢) gives a further slight reduction in heat
loss. A more significant reduction results when the inner part of the
foundation wall is replaced by blocks of expanded clay concrete (Fig. 49d).
The resulting heat loss is only about half the original heat loss with the

construction of Fig. 49a.

3.4.2 Internal heat transfer resistance

A very important thermal factor is the heat transfer resistance
F(.1 (mZK/w) affecting heat flow from inside air to the floor surface. The
reciprocal of this is the heat transfer coefficient (W/mzK) which Adamson
(1973) stated was in fact lower (i.e., Ri was higher) than what was usually
assumed in previous design calculations. Measurements showed that in corner
rooms of single storey heated buildings, the heat transfer coefficient between
room air and the floor surface was 1.5 to 2.5 W/mZK. The lower value
corresponds to Ri of 0.67m2K/w and applies to the middle of the floor.
The higher figure corresponds to Ri equal to O.4m2K/w and applies to the
part near the corner of an external wall.
It is important to be able to determine the appropriate value of R,1
because it influences the floor surface termperature markedly as shown in
Table 4. This gives the temperature at different distances from an outer wall

depending on the chosen value of Ri' The inside temperature is assumed to

o
be 21 C.
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TABLE 4

Relationship between floor surface temperature and
internal heat transfer resistance

FLOOR TEMPERATURE °C

Internal
Distance Heat transfer resistance R;
from outer wall
mm 0.40 0.29 0.14 m2K/W
0 11.6 13.0 15.3 °¢
10 11.7 13.1 15.5
30 12.0 13.5 15.9
90 12.7 14.1 16.6
200 14.3 15.1 17.4
300 14.9 15.7 17.9
500 15.5 16.8 18.7
1000 17.8 18.7 19.9

Where there is little ventilation and doors are closed, Ri' may
. 2 . . . . R
be as high as 0.65m K/W but with normal ventilation and heating Ri is
2
about 0.40m K/W. The Norwegian Standards (1986) NS 3031 gives a value of

0.13m2K/w for Ri'

3.4.3 Effect of climate

In the Norwegian study reported by Torgersen (1976), related to
the construction of Fig. 50, a computer study was made of the influence of
changes in the outside air temperature on floor temperature at points 0.3m and
1.0m from an outer wall (Fig. 51). These results applied to the winter of
1965/66 in Oslo which was the coldest for 30 years and data for the mean air
temperature over each 5 day period was input. The dotted curve represents a
harmonic (cosine) curve for the outside air temperature. The two air
temperature distributions are quite different but produce the same value of
the Freezing Index F and the effects on the floor temperature variation are
about the same. The conclusion is that it is sufficient to represent the

climate's influence by the local Freezing Index which is the significant
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parameter whereas the Mean Annual Temperature has an insignificant influence
on the floor temperature of a well-insulated slab.
The design Freezing Index is taken in Norway to be F , the

100

maximum F value in a hundred year period.

3.4.4 Effect of insulation

The computer study of Adamson (1973) showed that edge beam or
foundation wall insulation and floor insulation have a large influence on heat
flow near the beam or wall and therefore also an important influence on the
floor temperature.

Concrete slab with edge stiffening

Calculations of floor temperature were made for different cases
where the floor slab insulation is laid above the slab (e.g. Fig. 52), cast
into the slab (e.g. Fig. 53) or laid under the slab (e.g. Fig. 54). Taking
comparable cases illustrated by these figures (cases 104, 143 and 171
respectively) the first case (insulation above the slab) gave the highest
floor temperature near an external wall and the second case (insulation cast
into the slab) gave the lowest floor temperature near the external wall. As
expected the floor temperature decreases considerably towards an external
wall. In one case, for example, the temperature dropped from 17.5°C at
about 0.9m from an external wall to 8.2°C at this wall. The room occupation
zone is assumed to begin 0.3m from an external wall and the temperature at
this point should be at least 16°C for comfort. A heating cable producing
20W/m and placed near an external wall can give acceptable floor temperatures
up to that wall (e.g. Fig. 43).

Concrete slab in combination with strip foundation

In the case of a concrete slab with separate foundation walls,

the effects of thermal insulation laid on top or underneath the slab and of

different wall constructions were also studied. The foundation walls were
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assumed to consist of either hollow concrete blocks or of liphtweight clinker
blocks on a concrete footing. An example with the latter type of foundation
wall is shown in Fig. 55, where an external wall has brickwork facing and
inner stud panels. A particular computation showed a drop in floor
temperature from 18.3°C at about 0.8m from the external wall, down to
13.4°C at this wall. This is more favorable than the case mentioned above
where the concrete slab has edge stiffening.

Ground insulation

The influence of ground insulation (e.g. placed as in Fig. 55)
was also studied and found to be quite negligible in causing a rise in floor

temperature.

3.4.5 Thermal insulation of floor

The floor thermal insulation and the ground's thermal resistance
strongly influence the floor's surface temperature. but while a designer has
little influence on the ground's thermal resistance, the floor thermal
insulation can be prescribed to ensure a satisfactory floor temperature.

The necessary thickness of floor insulation is determined from
the prescribed U-value of the floor comstruction (i.e., slab, covering and
floor insulation). The requirements for U-values for slab-on-grade
construction are given in Chapter 53 of the Norwegian Building Code for heated
buildings (as reported by ‘'Building Details' A 521.111). The given
requirements apply to a 1 metre wide field of the floor bordering along an
outer wall, and also as the average for the whole floor. These requirements
should be regarded as the minimum requirements for thermal insulation, and it
can often pay to insulate better. To avoid problems with low floor
temperature in colder regions of Norway, U-values are recommended in the

'Building Details' (A 521.111) as shown in Fig. 56. These values apply to

o
buildings that are heated to at least 18 C. There are different curves
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depending on whether the underlying ground is clay, other fill or rock. The
local Freezing Index is applied together with the appropriate curve to obtain
the recommended U-value. (Fig. 1 shows the maximum Freezing Index in

different parts of Norway).

Determination of insulation thickness according to Norwegian Standards

The required floor insulation can be determined according to the
rules given in NS 3031 "Thermal Insulation. Calculation of Buildings‘’ Energy
and Power Requirements for Heating and Ventilation™ (Norwegian Standards.
1986). This gives values for the average ground thermal resistance Rj
depending on the type of ground (clay, rock or other) and the distance from an
outer wall as shown in Table 5.

TABLE 5

THERMAL RESISTANCE OF THE GROUND Ri

Thermal Resistance R; (m€ K/W)

Construction
Clav Other

Fill Rock

'slab-on—grade'_ap to 0.6m
above grade

0 to 1m from an outer wall
1 to 3m " " "
3 to 6m " " * "
Over 6m '

[= A0 N % ]
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Additional resistance for a floor
of depth h(m) below grade 1.4h h 0.7h

The total thermal resistance RT for the construction against

the ground is then calculated fcom the formula

where R is the thermal resistance of the composite floor structure against
the ground. The floor structure will often consist of a floor cover and a
slab with underlying plastic film and insulation. The slab may be homogeneous

consisting of concrete or wood material but it could be of composite




construction consisting, for example, of wood and mineral wool and including
air spaces.

Rt is the thermal resistance of the composite floor from
surface to surface and is expressed as

Rt= TR +£Rg
where R is the thermal resistance (mlew) of a homogeneous plane material
layer in the floor and RS is the thermal resistance of an air space.

The thermal resistance R across a continuous homogeneous plane
material layer is calculated according to the expression

R=d (mk/wW)
Ap
where d is the material thickness (m) and Ap is the practical value of the
thermal conductivity (W/mK) for the material layer. NS 3031 gives tabulated
values of the thermal conductivity of insulation materials and other materials
that may be used. It also gives appropriate values for the thermal resistance
of a 'plane unventilated air layer’.

In determining the thermal resistance of a floor construction
that consists of homogeneous and non-homogeneous plane material layers, the
composite construction is divided up into fields with heat flowing at right
angles to each field, for example as shown in Fig. 57. Upper and lower bounds
for the thermal resistance are then calculated and the mean value taken. The
upper bound is calculated on the assumption that heat flow paths across the
fields are parallel so that no heat crosses from one field to the next. The
lower bound is based on the assumption that different materials in a layer
'blend together' 4i.e., that there is no thermal resistance between the
different materials in a layer. Details of the procedure of calculation are
given in NS 3031.

By using the rules indicated above, the total thermal resistance
R_ of a slab-on-grade construction (including the effect of the underlying

T

ground) can be calculated. This can be done for different fields of the floor

according to the distance from an outer wall,

ot
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The U-value for the slab-on-grade construction is simply the
reciprocal of RT:
U=1 Wwmnk
Ry

and represents the heat flow per unit cross-sectional area per unit
temperature difference along the flow path.

Fig. 56 gives recommended U-values for slab-on-grade with a
building that is heated up to 18%¢. Using the locality's maximum Freezing
Index and the appropriate curve depending on the ground type, the recommended
U-value is obtained. The floor insulation thickness can then be selected so
that the total U-value of the slab-on-grade construction, calculated according
to NS 3031 rules, is satisfactorily related to the recommended U-value from

Fig. 56 (i.e. the allowable U-value is not exceeded).

Use of figures in Norwegian 'Building Details' (A 521.111)

A quick method of determining a suitable thickness for the floor
insulation is simply to use the appropriate curve in the figure from the
Building Details (Fig. 58). Each set of curves applies to a particular field
of the floor relative to an outer wall. The given curves for different ground
conditions are according to NS 3031. The curve for clay applies to pure clay
while the middle curve should be used for other soil materials and for broken
stone. The soil layer thickness below the floor must be at least 2.0m, and
with smaller layer thickness over a rock underlayer one may interpolate
between the curve for the actual soil type and that for rock. With a drainage
layer under the floor consisting of at least 150mm crushed rock or coarse
gravel, one can allow a thermal resistance of 0.2m2K/w which is equivalent
to 8mm of floor insulation. The required floor insulation thickness obtained

from Fig. 58 can then be reduced by 8mm.
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In Fig. 58 it is assumed that the floor insulation is of
polystyrene or mineral wool with a practical thermal conductivity of
0.036W/mK. It is also assumed that the thermal resistance of the foundation
wall 1is at least 1.Om2K/w. for example a concrete foundation wall with at
least 40mm polystyrene or mineral wool or a 250mm thick foundation wall
consisting of blocks of light clinker. A 50mm concrete slab is assumed with a
floor covering and plastic film underneath giving a joint thermal resistance
of O. 11m21</w.

For insulation material with a practical thermal conductivity

Ap different from 0.036W/mK, the insulation thickness t(mm) can be
calculated from
t = toxp/o.oae
where to is the insulation thickness in accordance with Fig. 58.
Small house

It is normal in a small house to insulate the whole floor with
the same insulation thickness. The Building Code demands a U-value not
exceeding 0.3W/m2K for a 1m wide border area of the floor along an outer
wall. Table 6 (from 'Building Details') can be used to determine the required
thickness of insulation and this is then applied in Fig. 58a to determine the
U-value which should not exceed 0.3w/m2K.

TABLE 6

Floor insulation thicknesses (mm) satisfying regulations

43.

Insulation material Practical Ground conditions
W/mK Clay Other Rock
fill
Polystyrene or mineral
wool 0.036 S0(40) 60(50) 70(60)
Loose light clinker 0.20 250 300 400

Table 6 gives values of insulation thicknesses of polystyrene and

mineral wool that are satisfactory according to the regulations. Numbers in

parenthesis apply to slab-on-grade constructions with at least 150mm thickness
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of drainage layer of crushed rock or coarse gravel under the insulation, the
thickness of which can accordingly be reduced. In colder regions (Freezing
Index above AOOOOhoC) the recommended insulation thicknesses should be
increased by the amounts given in Table 7 to avoid a reduced floor
temperature. This assumes sufficient foundation wall insulation as provided
by a concrete foundation wall with at least 40mm polystyrene or mineral wool,

or a foundation wall consisting of 250mm blocks of light clinker.

TABLE 7

Recommended increase in insulation thickness in colder regions (mm)

Ground type Maximum Freezing Index
40000 50000 60000 hOcC

Clay and other fill 0 10 20
Rock 10 20 30

Large buildings

For large buildings (width greater than 4m) the necessary
thickness of floor insulation. in accordance with the required U-value for a
1m wide border area along an outer wall, is determined from Fig. 58. Also the
average U-value for the whole floor should be checked against the actual
requirement.

For a floor construction the average U-value can be calculated
according to the formula:

Um = Aaua+AbUb+AcUc+AdUd

A +Ap+A +A4
where Ua' Ub' Uc and Ud are the U-values for the respective floor
fields from Fig. 58 and Aa. Ab' Ac and Ad are the rcespective areas of

these fields.
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Swedish Standards SBN 80

. .'. .‘
i SBN 80 simply states that the thermal resistance value of an t{ z$b
]
e N
outer edge strip of a floor construction (with no heat gains from heating " N
At
' . 2 L'?'t:‘!l:'.'::'
pipes) should not exceed 3.3m K/W. The normal U-value requirement for a ®
2 RGN
slab-on-grade construction is 0.30 W/m K and the maximum U-value 1is Nt f{,
A A e
' 2 I
' 0.40 W/m K. These values apply for the four temperature zones in Sweden. H’rﬁrﬁo
VR A,
KB
It may be noted that the maximum U-value is higher than the allowable value of £ t‘r
2 SR
0.30 W/m K specified in Norway. A\ '4?%
i ‘|.l ) "“y
) .‘."'*"l
%f :.‘ , .S
MV
N . . A, l'!
Finnish guidelines Py
= ,"_ﬁ;\’_ 3
. The Finnish guidelines (1987) give the maximum allowable U-value ;vﬁy ’
I \ ~
L% \)
- and minimum thermal resistance for a slab-on-grade foundation with a heated or £4‘ $
) 3 ) :
2 Attt
partly heated room. As shown in Table 8 a maximum U-value of 0.36W/m K is P
o W I W TW T
v ) '
« specified for all areas of the floor construction below a heated room ‘\.:s :
o
by ]
(intermediate between the Norwegian and Swedish wvalues). The specified “ﬁ%

thermal resistance of a slab-on-grade floor structure in Finland is higher for o

IR
the 1m border area than for the inner part of the floor. S;'ﬂ;:%
A2
Comparison _~ W
: ARt
The Norwegian method of determining the floor insulation e
¢ '.. q“
thickness is more detailed since it takes into account the underlying 4$$§%§r
J J
ottt
3 foundation material and considers four areas of the floor according to their . ) p?
il
A
distance from an outer wall. However for a small house the same thickness of h ®
AT
) .::h\-“.'
insulation is used over the whole floor in practice. AN
R oA
\.\vﬁ\\
Y, i
'\"\.‘.si-
IO ALY
3.4.6 Foundation wall insulation ®
. : S
The cffect of foundation wall insulation on frost penetration was iy
ot
) described in Section 3.3 and on floor temperature in Section 3.4. Fig. 59 .'\Qw
o ':'. ::'.':"
shows alternative locations of insulation as recommended by the Finnish ®

guidelines (1987). The foundation wall itself may be made of material with
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TABLE 8.

Maximum allowable U-value and minimum thermal resistance
Floor of heated and partly heated structures

Floor structure

Max. allowable U-value

Thermal resistance

2 2
type W/m K m K/W
Healted room Partly heated Heated rocm Partly heated
room room
slab-on 1m floor
-grade border
area and 0.36 0.45 2.6 2.1
1lm (0.43) (0.65) (2.1) (1.4)
ground
border
area
Other
areas 0.36 0.45 1.4 0.9
(0.45) (0.65) ) (=)
Mote: Values in brackets apply to industrial structures and warehouses.

(Finnish guidelines, 1987)
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good insulation properties like light clinker blocks, or as referred to in
Section 3.4.1, only the inner part of a foundation wall may be composed of
such blocks (Fig. 49d).

The Swedish Building Standards SBN 80 gives approved values for
the minimum thermal resistance of edge (or foundation wall) insulation
associated with a slab-on-grade foundation as shown in Table 9.

TABLE 9
Approved least thermal resistance of

edge insulation, mZ K/W

Temperature zones Temperature zones

I and II III and 1V
Floor with heating along external
wall 1.00 0.80
Floor without heating along external
wall 1.60 1.20

The Norwegian 'Building Details' (A 521.111) requires the whole
foundation wall to be insulated to obtain frost protection. The thickness of
insulation depends on the locality's maximum Freezing Index (Floo) and on
the pedestal height (i.e., height of floor surface above prepared ground
level). Table 10 gives recommended thicknesses of insulation for a foundation
wall of concrete insulated with expanded polystyrene or mineral wool. A
foundation wall of 250mm light clinker blocks can be taken as equivalent to
40mm of polystyrene or mineral wool. If the insulation requirement according
to Table 10 1is larger than that, this type of foundation wall should be
additionally insulated.

Examples of insulating foundation walls with inside and/or
outside insulation are given in Fig. 60. One example shows a foundation wall
built with light «clinker ©blocks wusing inside insulation (Fig. 60b).
Foundation wall insulation should consist of a board of polystyrene with
density at least 20Kg/m3 or a board of mineral wool with density of at least

90Kg/m° .
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TABLE 10

Necessary foundation wall insulation of :J~
expanded polystyrene or mineral wool :
Thicknesses are given in mm in the table. xdhl 1

-
Maximum Floor height above the ground mm RAA
Freezing Index 300 or 450 600 :(&2\,‘

h °¢ less o

30000
or less 40 50 60

40000 50 60 70 i

.
"
+, "
.F'
S

50000 60 70 80

60000 80 90 100

If the floor's height above the ground is more
than 600mm, the foundation wall should be
frost-protected according to the guidelines
in 'Building Details' A 521.811

(from ‘'Building Details', A 521.111)
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Ongoing Danish research

As part of the Danish energy research program, an analysis is
being done of existing and future buildings' necessary foundation depth 1in
relation to frost protection assuming (i) no foundation insulation, (ii)
outside foundation insulation only and (iii) inside foundation insulation
only. The analysis is based on the following conditions (Porsvig, 1986):

(1) Two typical foundation soils namely saturated moraine and partly
saturated sand. These occur at foundation depths in about 70% of

Denmark.

(2) A heated building insulated according to the present Danish

Standards.

(3) A frost influence corresponding to an outside temperature

variation like that of the winter of 1941-42.

(4) A constant soil temperature of about 8°C in 10m depth.
The project includes computer calculations of temperature conditions around

part of a construction composed of outer wall-foundation-floor. The part of

the outer wall considered is bounded by a horizontal section at a height of 1m

above the floor level. The included floor surface is bounded by a vertical
section at a distance of 2m from the internal face of the wall. The
foundation depth 1is varied between 0.4m and 0.9m under the ground. The

influence of a possible foundation insulation placed on the outside or the
inside of the foundation is examined for both moraine and sand.

Provisional results

Using a foundation depth of 0.4m and with insulation at the
inside of the foundation or without insulation, the 0°C isotherm is just
near the foundation's outside edge. On the other hand the o°c isotherm for
the corresponding foundation, with insulation on the outside, is forced away
from the foundation. This study confirms that outside insulation is more
effective than inside insulation and shows that use of the existing Standards
(DS 415) concerning frost-free foundation depth is much influenced by which

side of the foundation wall is protected in the case of heated buildings.

(Calculations for unheated buildings are still lacking).
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Where the underlying soil properties relating to strength and
deformation are so good that a smaller foundation depth is used. it would be
possible to carry out the foundation with outside insulation. However such a
measure would be in contradiction with existing practice and Porsvig (1986)
suggested that it should be done only in cases where documented calculations
of both temperature and deformation conditions are available. A saving in
foundation concrete can then be set against expenses of extra calculations,
checking and 1insulation material. This might be warranted where one is
considering use of standard foundation designs for a number of industrial

buildings at a foundation depth above the recommended frost-free depth.

3.5 FOUNDATION DEPTH AND GROUND INSULATION

3.5.1 Required foundation depth and ground insulation

The foundation depth is related to frost penetration which is
significantly reduced by ground insulation (e.g. Fig. 61 shows a reduction
from 1.0 to 0.6m). There must be an adequate foundation depth for protection
against frost damage. The required foundation depth should take account of
possible heave forces that can act if frost penetrates into saturated
frost-susceptible soil. Ice lenses generally follow the isotherms and the
heave forces produced are therefore mainly at right angles to the isotherms
(Fig. 13) but they tend to incline towards the direction of least resistance.

Adamson et al (1973) and the Frost I Jord project assumed the
1% isotherm to be critical as shown in Fig. 14. Above this isotherm the
s0il can be considered to be fully frozen and liable to produce frost heave if
it is frost-susceptible.

In Fig. 62 region 'a' would be occupied by the foundation wall or
slab edge and below it there is a drainage layer composed of
non-frost-susceptible material of thickness °'b*'. This layer is considered

part of the foundation depth which thus extends a distance z5 that is nearly
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equal to the frost penetration depth z

£ (the small hatched area in Fig. 62
being negligible). Thus in the case represented by Fig. 62, the frost heave
force does not significantly affect the structural part of the foundation.
Reporting in the early 1970's, Adamson et al stated that in
Sweden remarkably few cases of damage to floor structures placed on the ground
could be related to frost heave in spite of considerable frost penetration
during the winters of 1966 and 1970. The most common designs using
edge-stiffened floor slabs had a foundation depth of 0.3 to 0.4m below the
ground surface, including non-frost-susceptible drainage layers. The edge of

the slab was usually well-reinforced with steel and could take any heave force.

Foundation depth for edge-stiffened concrete slabs

Case of floor slab without edge insulation (i.e. R2 = 0).

Fig. 63 shows the occurrence of a large frozen area, and

consequently a large heave force, at a corner of a square building with a
foundation depth of 0.35m. At a distance of 0.8m from the corner there is
much less frost penetration and the heave force is reduced considerably
(Fig. 64 ). The corner effect may extend about a metre on either side and to
counteract it the edge should be reinforced with top and bottom steel. This
would be sufficient in Swedish temperature zones III and IV but in the colder
zones I and II special measures may be necessary.

Case of slab with edge insulation

Where the edge is provided with insulation of thermal resistance

Rz, there is considerable frost penetration under the foundation area at a
corner as shown in Fig. 65. Again, this penetration is much less at a
distance of 0.8m from the corner (Fig. 66). If the edge insulation is

extended down 0.3m into the ground there is significantly less penetration in

either case (Figs. 67 and 68).
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Figs. 69 and 70 show that frost forces may act obliquely up at

e the slab's bottom. The upward force can be eliminated or reduced by supplying
heat (Fig. 71) or installing ground insulation at a corner (Fig. 72).

; Adamson et al suggested that in temperature zones I and II the

edge should be insulated with insulation above the ground only, the thermal

2 . . . 2
r resistance R2 of this insulation being approximately 1lm K/W.

i Special measures at corners
SBN 67 required special measures against frost heave at corners,
for example by providing heat from heating pipes in the building. However

Adamson et al (1973) concluded from their study that normally no such measures

R XX

are necessary. They suggested nevertheless that edge beams (or foundation

walls) should be reinforced near corners to provide cantilever action in case

k55

underlying frost-susceptible soil 1is displaced as a result of frost heave

forces. At projecting corners in Swedish zone I, particularly, the edge

)

should be insulated along its whole height and extra heat supply (from heating

B

pipes or electrical cables) or ground insulation may also be required.
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Protruding parts of a foundation
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The results of Adamson et al justified the requirement of SBN 67
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that, for a protruding part of a construction, the foundation depth should be

o

increased by an amount equal to the distance which the part projects outside
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an outer wall. In Fig. 73 the foundation depth has been increased by the

protruding distance d (giving a total foundation depth of 0.35+d4 in metres)

e
e

and frost conditions are more favorable than in Fig. 63 where the foundation '
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it 1is reduced from ZOOC to 10°C. They therefore suggested that the
foundation depth of 0.35m can also be used where the room or space above a
floor structure is heated to only 10°C if the total thermal resistance of
the floor area next to an outer wall does not exceed 1.3m2K/w. Also ground
insulation should be provided and special measures taken to counteract frost
heave along the entire outer wall. However it was considered preferable to
increase the foundation depth from 0.35m to 0.50m if the room or space had a
minimum mean monthly temperature of 10°C during a hard winter.

3.5.2 Standards and Guidelines

SWEDEN

The general requirements of the Swedish Building Standards
(SBN 80) are that if a building is to be founded on frost-susceptible soil and
is to be protected against frost action, its foundation should be taken down
at least to the lowest frost-free level which can be expected to occur during
the assumed life of the building. This level should be determined taking into
consideration climatic conditions and heat contribution from the soil ('soil
heat') and from the building if it is permanently heated, and also with regard
to the durability of thermal insulation used. In applying these requirements
it should be assumed that buildings which are not intended for permanent use,
for instance most holiday houses, may be unheated during winter months.

For a foundation slab underneath an external wall and projecting
outside (or other projecting part of a construction), the specified foundation
depth should be increased by the width of the slab (or extent of projection)
outside the face of the wall. However, the foundation depth need not be made
larger than 0.85ho where ho is the frost depth in undisturbed ground. The
requirement for other projecting parts of a construction (e.g. external
stairs) is that the specified foundation depth should be increased by the

distance between the extremity of the part concerned and the external wall but

need not be larger than ho.
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Particular requirements refer to a slab-on-grade construction
associated with a heated building. The floor construction is assumed to have
horizontal insulation such that the total thermal resistance in the outer edge
strip 1is not greater than 3.3m2K/w and there are no heat gains from heating
pipes or the like cast into the construction. It is also assumed that the
floor construction is situated underneath a room that has a minimum monthly
mean temperature during cold winters of about 18°C as for a habitable room.
With such a structure the foundation depth should be 0.35m under the following
conditions:

(1) The width of the building is at least 4m.

(2) Edge beams or foundation walls for buildings situated in
temperature zones I and II should be provided with thermal
insulation having a minimum thermal resistance of 1m2K/w above
ground surface. If the floor surface lies more than 0.3m above
the ground surface outside the building, the edge beam or
foundation wall should have a thermal resistance of at least
2m2K/w in temperature zones I and II and at least 1m2K/w in
zones III and 1IV. However, the floor surface should not be
situated higher than 0.ém above the ground surface outside the
building.

(3) Special measures to counteract the risk of frost damage should be
taken within a distance of 1m from external corners in contact
with external air. An example of such a measure could be the
provision of suitable ground insulation. However these special
measures can be omitted under certain conditions, e.g. where the
edge beam's thermal resistance 1is increased by 50% above the
values given in point (2), but with a minimum thermal resistance
of 1.5m2K/w.

If the least monthly mean temperature of the room during winter is about

o
10 C, the foundation depth should be increased from the previously specified

~0.35m to 0.50m.
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NORWAY

With the change in the Norwegian building guidelines (1970), the
requirement became simply that the foundations should be designed so that
there would be no damage to the structure from frost action. It was no longer
necessary in all cases to take the foundation down to the frost-free depth in
undisturbed ground. For a typical slab-on-grade foundation, the isotherms are
shown in Fig. 74 at the coldest time of the year for a certain locality
(Torgersen, 1976). These isotherms were produced from computer calculations
which take into account heat contribution to the foundation from the
building. If the soil is frost-susceptible, there is danger of frost damage
unless the foundation is taken down to a sufficient depth relative to the
critical isotherm or other special precautions are taken.

The foundation depth and requirement for ground insulation are

dependent on the locality’'s maximum Freezing Index F Fig. 75 from the

100°
‘Building Details® (A 521.111) shows placing of ground insulation with an
externally or internally insulated foundation wall. This design also applies
to a masonry type foundation wall. An optional drainage layer, 100mm thick,
under the foundation wall can be considered as part of the foundation depth.
The 'Building Details' specify that, with a Freezing Index up to
30000 hOC, a foundation wall for a heated house can be based at 0.4m depth
measured from prepared ground, without use of ground insulation. If the
Freezing Index is larger it is necessary to have ground insulation as
indicated in the following two points with associated figures and tables.
Tables 11 and 12 are based on ground insulation of expanded polystyrene with a
density of 30Kg/m3 and a thermal conductivity of 0.045W/mK. For extruded
polystyrene the given thicknesses should be multiplied by 0.73 and for mineral

wool by 1.45. A mineral wool board should be laid on a draining underlayer

and should not be laid under the foundation wall or foundation.
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(1) If ground insulation is used at a house corner or outside an
unheated small room as shown in Fig. 76, the necessary foundation
depth and ground insulation dimensions can be found from Table 11.
(2) If the minimum foundation depth of 0.4m is used and the Freezing
Index 1is greater than 30000 hOC. one should lay ground
insulation along all walls as shown in Fig. 77. The dimensions
of this ground insulation are determined according to Table 12.
With an unheated room in the corner of a house or with a large unheated room,
the foundation wall should be frost-protected according to the regulations for
unheated buildings described in Chapter 5. The same applies to a construction
for a house which is in process or which is not yet heated before the cold

season sets in.

FINLAND

Table 13 from the Finnish guidelines (1987) gives the frost-free
foundation depth in frost-susceptible soil for a heated structure with a
slab-on-grade foundation. The foundation depth depends on the Freezing Index
and the location of the foundation, i.e., whether at a wall border or a corner
area. The floor structure's thermal resistance is taken to be 4m2K/w and
the foundation wall is assumed to have outside insulation but no ground
insulation is required.

Table 13 applies to normally present foundation fills with
moisture content about 3-10%. Foundation depths smaller than those indicated
in Table 13 can be used for finer-grained soils while greater depths should be
used for coarser-grained soils and moraines. With natural clays or silts the
moisture content can be quite high and it 1is essential to have outside

foundation wall insulation to prevent a cold bridge from outside air to

frost-susceptible soil.
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TABLE 11

Minimum foundation depth in metres with ground insulation
only at the corner and outside an unheated small room.
If the foundation wall has inside insulation, the
optional ground insulation must also be extended under the
foundation wall.

Maximum Concrete Necessary ground insuln.
Freezing Index insulated internally insulated (polystyrene 30 Kg/m3)
h ©°c externally Light aggregate blocks at corner and room
Thickness 250mm (t x B x L) in mm
(see Fig. 37)
30000 .40 .40 Ground insulation is
or less not necessary
35000 .40 .50 50x500x100
40000 0.50 0.60 (polystyrene)
45000 .60 .70
50000 .70 .85 50x500x1500
55000 0.85 1.05 (polystyrene)
60000 .00 .20

(from 'Building Details', A 521.111)
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TABLE 12

Necessary ground insulation with a foundation depth of 0.4m
1f the foundation wall has inside insulation, the ground insulation,
must also be extended under the foundation wall.

Ground insulation (polystyrene 30 Kg/m3)
At corner: Along a long wall

Maximum thickness, breadth thickness and
Freezing Index and length breadth
h °cC (t . B, L) in mm (t . b) in mm
30000 or less Not necessary Not necessary
35000 50x500x1000 50x%250
40000 50x750z1000 50x250
45000 50x750x1500 50x250
50000 80x750x1500 50x500
55000 80x1000x1500 80x500, 50x750
60000 80x1000x2000 80x750

(from 'Building Details', A 521.111)
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TABLE 13.

o
Heated structures (inside temperature >17 C)
frost-free foundation depth in frost-susceptible soil.

Foundation
construction

Foundation Frost-free foundation depth
part m

[»]
Freezing Index F h'C

50
35 000 50 000 65 000

slab-on-grade wall border 1.0/1.2 1.3/71.5 1.6/1.8
floor structure
thermal resistance

2
am K/W corner 1.3/1.6 1.6/2.0 2.0/2.4
insulation outside
foundation-wall
slab-on-grade wall border 0.9/1.1 1.2/1.4 1.6/1.9
floor structure
thermal recistance

2
3m K/W corner 1.2/1.5 1.6/72.0 2.0/72.3

insulation outside
foundation-wall

~

Notes:

It is assumed that the building's width is at least 4m and that the
ground surface by the side of the structure is snowless.

Smaller foundation depths can be used for fine-grained soils and
greater depths for coarse-grained soils and moraines. Intermediate
values can be interpolated. -

(Finnish guidelines, 1987)

Ve
(A
e

18, &
'-.".'.
¢

o
i

3
l'ﬁ' .

'?
(A ¥
"
I‘I n"'c"

%
’I
)

heh
i ‘o.:f
“-:":'.:;"‘331

n

oy ..
L)
'..‘ (A

O AN
oL
N
O )
4 0




B - < aa -, N a
E At Bt el i B i R S - B B} - ()

If the foundation depth to be used is less than the frost-free
depth, ground insulation is required with thermal resistance depending on the
chosen foundation depth and the local design Freezing Index as shown in
Fig. 78. These design curves refer tc a slab-on-grade foundation with the
following conditions based on the Swedish and Norwegian work:

(1) The inside temperature is at least 17°C.

(2) The building's width is at least 4m.

(3) There is no snow on the ground next to the building.

(4) The pedestal height is not more than 0.6m above grade.

(5) The foundation wall is well insulated so as to provide a thermal
resistance of at least 1 mzK/w.

(6) The border strip of the floor structure near outside walls has a
thermal resistance of 2.6 mZK/w.

(7) The width of ground insulation is 0.8 tc 1.0m.

The guidelines state that at exterior corners 40% additional
insulation should be provided over a distance of 1.5m from a corner. This can
consist, for example, of 70mm thickness of insulation placed at a corner
compared to S50mm thickness along an outer wall. Lack of this extra insulation
has resulted in many frost damages in Finland due to:

(1) less snow cover at a corner because it is particularly exposed to
the action of wind which blows the snow away,
(2) the 0°C isotherm being lower at a corner on account of its

greater exposure to the outside climate.

COMPARISON

The Swedish Standards do not appear to give any recommendations
about the design of ground insulation but leave that to the judgement of the

engineer. The Norwegian and Finnish guidelines give a more detailed procedure

with recommended insulation depending on the Freezing Index and foundation
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61.

depth. The Finnish recommendations are based on the Frost I Jord project and
the ground insulation's thermal resistance from Fig. 78 needs to be converted
to a requisite thickness of insulation material used, e.g., polystyrene. The
Norwegian guidelines are more detailed as they differentiate between a
foundation wall insulated externally and one insulated internally. The inside
temperature assumed in the Finnish case is slightly less, i.e., at least

17°C is specified instead of 18°C as in the codes of Norway and Sweden.

3.5.3 Ground insulation material and protection

According to the Norwegian '‘Building Details' (A 521.111), as
horizontal ground insulation outside a foundation wall one should use boards
of extruded polystyrene or of expanded polystyrene with density at least
30Kg/m3 or boards of mineral wool with density at least 140Kg/m3. Under a
loaded foundation wall one should not use boards of mineral wool. Expanded
polystyrene with density at least 30Kg/m3 can normally be used in the
construction of a small house without basement. Extruded polystyrene has the
largest compressive strength and should be used where a large load is expected.

For maximum thermal efficiency, ground insulation should be
placed as near the ground surface as possible (Knutsson, 1986). However this
could result in damage by inadvertent digging for gardening purposes as has
frequently happened.

- The Finnish guidelines (1987) recommends placing ground
insulation on a sand bedding and, if it is near the surface, protecting it by
a concrete slab of thickness 50-70mm. With no such protection the ground
insulation must be placed at least 0.30m deep and protected with a plate of
asbestos cement or water-resistant plywood (Chapter 9). This cover, which
should be inclined away from the foundation wall, limits possible damage to
the insulation by plants and loss of insulation effect by water intake.

During the construction process care must be taken to prevent access of water

to the ground insulation before protection is applied.
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In Finland, an alternative to insulation material like
polystyrene or mineral wool is light gravel which is placed on a sand bed that
is nearly level and covered with plastic insulating paper or with some plastic
coating. Over this a thin layer of sand is placed and on top of this is
placed a protective cover if required. If the thickness of fill that is
placed on top of the light gravel is less than 0.15m, the layer of insulation
has to be protected, where damage may occur, with building panels or by

stabilization with cement (VTT, 1974).

3.5.4 Heating cable design

If a heating cable is used it can be located as shown in Fig. 79
according to the Finnish guidelines. Table 14 gives the required power for a
heating cable used without ground insulation depending on the design Freezing
Index, the allowable frost depth and the position of foundation wall
insulation. This table applies to conditions where the inside temperature is

at least SOC and where the thermal resistance of the floor structure is

2.6 mZK/W.
AN
TABLE 14
Necessary cable power for frost protection
Foundation wall Allowable Cable power without ground insulation, W/m
insulation frost depth Freezing Index hOC

m 35 000 50 000 65 000
Insulation 0.5 10 15 20
placed outside 1.0 S S 5
Insulation placed 0.5 15 20 30
inside or across 1.5 10 10 15
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The heating cable is extended the full length of the foundation
wall and covered with sand free of stones. Care must be taken not to damage
the cable during the filling operation. The cable is controlled with one or
more thermostats and the temperature sensor is located in an area where the

depth of frost is greatest (VIT, 1974).

3.6 PROTECTION AGAINST MOISTURE FROM THE GROUND

Problems have arisen from transfer and accumulation of moisture,
such as suction upwards and condensation of moisture in the construction with
danger of corrosion, rot and destruction of the floor covering. There is also
the possibility of damage to the building due to differential movements
produced by shrinkage, swelling and frost heave.

According to the Norwegian 'Building Details' (A 521.111) a floor
construction should be protected against moisture from the ground by means of
the following layers:

(1) A drainage layer under the construction consisting of at least
100mm crushed rock or coarse gravel.
(2) A capillary barrier layer that stops suction of water upward.

This should cogsist of boards of polystyrene or stiff mineral

wool. A layer of broken rock, crushed stone or coarse gravel may

not act well as a capillary break if it contains dust and fine
material. Because of this, it is recommended that the layer

thickness be at least 400mm and it would simultaneously act as a

drainage layer.

(3) A layer acting as a vapor barrier which is specially important in
buildings with a large width. Between the concrete slab and the
insulation is laid a plastic film, thickness 0.2mm, at a location

above the capillary suction level. It acts as a block against

moisture in the form of water vapor from the ground.
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A plastic film that is laid under the thermal insulation can
involve considerable collection of moisture in the insulation
layer during construction, in the form of precipitation and
possibly casting water, in the period between the laying of the
film and completing casting of the slab. If the film is placed
under a concrete slab it is very important that the slab should
be allowed to cure first before a moisture-proof covering is put
on it.

(4) A separation layer between underlying wet ground and the drainage
layer. The separation layer should consist of specially made
synthetic fiber mesh and this hinders infiltration of soil
material into the overlying drainage layer.

Examples of moisture protection of slab-on-grade are shown in Fig. 80.

3.7 SLAB-ON-GRADE CONSTRUCTION
The following are types of slab-on-grade constructions proposed
by the Norwegian 'Building Details' (A 521.111):

Concrete slab

Constructions with—a concrete slab and associated foundation
details are illustrated in Figures 81, 82 and 83.

Slab insulation of polystyrene or mineral wool has an effect like
a capillary breaking layer that will prevent upward suction of moisture to the
concrete slab. Under the insulation it is therefore sufficient to have a
100mm thick drainage layer of material without a special requirement for it to
have a capillary breaking property. Slab insulation of light clinker,
however, is doubtful as a capillary breaking layer. Under such insulation, a
capillary breaking layer - Omm crushed rock or coarse gravel is specified.

A concrete slab which is taking load just from non-bearing walls

and usual house furnishings is usually cast in a thickness of 50 to 70mm. A

slab with a larger loading must be specially designed.
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Floating floor

Figures 84 and 85 show examples of floors constructed of wood
boards on polystyrene insulation. The wood material can be wood fiber board,
wood chipboard or plywood. The insulation layer is laid on a concrete slab or
sand layer set out precisely to give a sufficiently level floor. At least
100mm of drainage material is required but there is no need for this to have
capillary breaking properties.

Wood-surfaced floor

Fig. 86 shows a wood-surfaced floor which is a composite of wood
joists and mineral wool in between. A concrete slab, at least 50mm thick, is
cast as an underlayer and suitably reinforced. This type of floor should not
be used in combination with a foundation wall that is insulated on the inside,
on account of the danger of condensate against the plastic film closest to the
outer wall. The wood-surfaced floor on sleepers can consist of 21lmm
floorboard, 22mm chipboard or 19mm plywood. The use of a drainage and
capillary breaking layer consisting of at least 150mm crushed stone or coarse

material is specified.

3.8 THERMAL INSULATION MATERIALS
The Norwegian ‘'Building Details' (A 521.111) specify thermal
insulation as follows:

Floor insulation

Under a concrete slab is required a sheet of polystyrene with
density at least 20Kg/m3, a sheet of mineral wool with density at 1least
9Ol<g/m3 or lightweight clinker that is loose, cement-stabilised or wrapped
in special plastic sacks. Under a floating floor of wood fiber or chipboard,
a board of polystyrene should be used with density of at least 30Kg/m3'

Foundation wall insulation

This should consist of boards of polystyrene with density at

3 3
least 20Kg/m or boards of mineral wool with density at least 90Kg/m .
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4. FOUNDATIONS WITH CRAWL SPACE OR BASEMENT

4.1 INTRODUCTION

A foundation with crawl space (Fig. 87) is suited to the same
ground conditions as a slab-on-grade, but the former can be more easily
adjusted to slightly hilly rocky terrain and to sloping sites. The method
gives a relatively low building cost and can be relatively easily adjusted to
own house building. However crawl spaces have given rise to a large number of
problems such as decay in the floor structure, etc. Storage areas must be
built on level ground and the imposed loading acts as an additional load on
the ground if the ground in the crawl area is not located lower than outside.

In Sweden foundations with crawl spaces have been used from time
immemorial, in the form of a free-bearing floor structure on plinths or ground
walls. However from around 1900 houses were mostly constructed with basements
and this became the dominant method by the beginning of the Second World War.
After this war there was a renaissance in the construction of foundations
without basements until about 40% of the number of houses and other light
buildings were being c;;structed in this manner.

In Norway foundations with crawl spaces have been used for a long
time but building methods have changed particularly because crawl spaces have
been exposed to moisture and rot damage. Since the war use of crawl space or
basement foundations, and often combinations of these, has been dominant in
the case of 1light buildings. Crawl spaces have been mostly used for
extensions and accessory buildings and under a suspended floor of a house in
sloping ground. In connection with crawl spaces, wood-beams with mineral wool

insulation are almost always used and a foundation wall of concrete or of

light expanded clay aggregate (leca) blocks.

66.

2
o

“

oLy

"f

«
P o

»

x
-
&
L
"

¥ 1
g".f:-

SN
£



‘o IS S5 RXY

L N SN

)

Lh

F > S - WS - = B

There are two general types of crawl space, i.e., ‘cold' and

‘warm'. The former is a crawl space that is ventilated with outside air
(Fig. 88) whereas the latter is ventilated with inside air (Fig. 89). A
‘warm' crawl space has been little used and an unventilated crawl space should
not be built.

A crawl space foundation can be adjusted to variations in the
terrain and is well suited to gently undulating conditions. It is
particularly well suited to non-frost-susceptible ground and rocky ground. It
can, however, be suitable in weak ground where an excavation is in any case
necessary to remove some of the soil. In such cases construction of a
basement wouid often be preferable to acquire additional usable inside area
for the house. Where there are particularly steep slopes, a basement with
slab-on-grade at the back of the house can be combined with a crawl space near
the front (Fig. 90), although such a design can give problems with respect to
ventilation of the crawl space area (Fig. 91).

On nearly flat sites, it is rarely an advantage to use a crawl
space together with, for example, a slab-on-grade. A crawl space could
involve a lower depth of foundation with increased loading and also moisture
problems can frequently arise.

In wet climates there has been much moisture damage to the floor
area above a crawl space. The supply of moisture can be limited by:

(1) shaping the ground with a slope away from the building.

(2) draining the crawl space if it is lower than the outside ground.

(3) covering the ground in the crawl space area with a plastic film.
Figure 92 shows a design with a foundation wall cast in concrete.

There should be adequate protection against possible frost
damage. The ground wall and foundation with crawl space should be designed so

that no damage occurs from frost heave, sideways frost pressure or uplift from

frost sidegrip.
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A comprehensive study of crawl space foundations was carried out Ei%:‘
at Lund Technical University in Sweden by Adamson and others. The results of : \15
At wr
this study (Adamson et al, 1971 and Adamson, 1972) formed the basis for :sﬁsgt
revisions of relevant sections of the Swedish Standards SBN 69 to produce E; “Jg
SBN 80. The study also gave an input into the Norwegian Frost I Jord project. z ‘?
4.2 HEAT FLOW CONDITIONS f;':::;s:.
The frost depth at a foundation wall for a 'cold' ventilated ‘C};Q;:
crawl space under a heated building will be less than the frost depth in i ﬂi;
o
snow-less undisturbed ground. Depending on the floor insulation, heat is led ﬁ;;&&
) )
through the floor structure down to the crawl space and thus contributes to . ﬁgg
keep the crawl space temperature higher than the outside temperature. The r
heat loss from the foundation wall's inner and outer side is reduced and the EE':h
frost depth decreases since heat is concentrated at the foundation bottom area. §k.3§§
o
As long as the crawl space temperature is over OOC, heat from jtj;pv
the crawl space is led to the freezing zone and slows down frost penetration ts :E
- J
(Fig. 93). The effectiveness of this depends on a balance between heat from Eﬁ%?;
the floor and heat losses from the crawl space through ventilation. 1In cold, g:;;;
and moderately cold, regions the crawl space temperature with regular Ex;
WO
ventilation and good overlying floor insulation could fall below 0°C in ﬁi\_i
critical winters. Heat flow from the .crawl space to the frost front would fﬁ?.“
then cease and only 'soil heat' contributes to the foundation area. Because ':‘::é:‘:gl
of the low crawl space temperature the frost depth at a ‘'cold' crawl space .§$i¥
]
under a heated building will be considerably larger than in the case of a O;
VTR
slab-on-grade construction. On the other hand a 'warm’' crawl space would have s&“ *
an associated frost penetration that is similar to the case of a slab-on-grade. s&ﬁﬁg
Relevant crawl space parameters are indicated in Fig. 87. They :h .‘
include the U-value of the floor structure and that of the foundation wall, X ;:%
the pedestal height h (height of floor bottom above outside ground), the Qg&g&?
foundation depth zg and the ventilation rate v as well as the outside ..
n
climate. ,
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4.3 FROST PENETRATION NN
Depending on various factors Adamson et al (1971) and Adamson ‘:5:t J

(1972) charted the heat flow conditions and determined the frost penetration :J\ﬁv

related to crawl spaces on the basis of extensive computer calculations for e

long buildings and for square buildings subject to various outside climates. ¢
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Fig. 94 shows isotherms for a long building, 10m wide, which can LS
be compared with those for a square building 10 x 1lO0m (Fig. 95), at the time 'G”W?qr
of maximum frost penetration with no snow cover, the same parameters being Lﬁ“

. . X : . )
assumed in each case. The vertical broken lines in these figures represent A0y

the boundary of a foundation wall of 0.2m thickness. The intersection of this

e i e <
2

boundary with the assumed critical —1°C isotherm was taken to give the
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required foundation depth. This depth was greater for the square building

z
&

being about 0.9m as compared with about 0.5m for the long building.
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For a square building frost penetration was deeper at an outside

Pl Sl )

v

corner (e.g. 0.9m depth) than in the middle of an external wall (e.g. 0.7m).

e

|
.

This corner effect was significant only within a distance of 0.5m to 1lm (in a DOV
horizontal plane) from the corner. R 5{
%Y :‘

There was less frost penetration in the middle of the facade of a Gﬂﬁb‘\‘

long building (e.g. 0.55m depth) compared with the penetration in the middle :‘}uﬁf~
of a square building's external wall (e.g. 0.7m), since heat loss through the :“i i -

\

foundation wall is greater in the latter case because of the three dimensional kPt
effect and because of more exposure. The floor insulation, foundation wall 3“&3

insulation and crawl space ventilation were assumed to be equal in each case. 4 -.(#0
“~

Other factors A

As may be cxpected, increased insulation of the floor or 7‘““*5

!

. . R

increased ventilation of the crawl space, reduced the temperature in the crawl :3%4$?F
SN 0N
SRS

R
e

space during winter and increased frost penetration. Thus, in the case of a
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long building an increase in the U-value of the floor from 0.41 to O.SBWImZK
increased the frost penetration from 0.65 to 0.7m at a constant ventilation
rate of 0.5m3/m2. For a long building having a floor with a U-value of
0.407 W/mZK. increase in ventilation rate from 0.5 to 2m3/m2. increased
frost penetration from 0.7m to 0.95m.

A reduction in room temperature above the crawl space from 20°C
to 10°C increased frost penetration from 0.45m to 0.65m. On the other hand,
ground level in the crawl space had no influence on frost penetration and,
therefore, on the required foundation depth.

4.4 FLOOR TEMPERATURE AND THERMAL INSULATION

With regard to thermal insulation the Norwegian Building Code
places a limitation on the U-value of a floor structure depending on the
particular climatic zone. According to Algaard (1976) this value is rather
high as it implies too large a heat loss being allowed to take place through
the floor. It might be more appropriate to have a lower U-value by using more
insulation to improve the floor temperature and for better heat economy. This
would then give a lower temperature in the crawl space and require a larger
foundation depth with frost-susceptible soil.

Similarly to the case of a floor with slab-on-grade, the
requirement should be that the lowest surface temperature on the floor over
the crawl space is 17.5?§ with an indoor temperature of 21°C (Algaard,
1976). Also the connection between the foundation wall. outer wall and floor
structure should be made in such a way that there is no damaging cold bridge
or moisture leakage that can considerably reduce the floor temperature along
the outer wall. The necessary thermal insulation for the floor structure can
then be determined on the basis of these requirements and taking into
consideration crawl space ventilation, the heat transfer resistance Ri

between inside air and the floor surface (Section 3.4.2) and estimates of the

lowest crawl space temperature.
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According to the Frost I Jord project the Freezing Index F1oo
is used as the design 'frost load' and Fig. 96 gives the relationship between
Fd (design value) and the necessary heat transfer coefficient (U-value) or
its reciprocal, the thermal resistance Rt' for the floor structure, to
obtain a minimum of 17.5°C on the floor. This is a recommendation rather
than a requirement. For crawl spaces under unheated, or sporadically heated,
buildings (cabins, etc.) the situation is different and depends on whether
they are to be used for extended occupation.

The Norwegian 'Building Details' (A 521.203) specifies highest
allowable U-values for a floor structure of 0.30. 0.45 or O.6W/m2K at inside
temperature 18°C and higher. 10—1800 or 0—100C respectively. These
values apply to a floor against an unheated crawl space with outside
ventilation and total area of ventilation openings less than 0.2m2 per
100m2 of ground area. The distance from the floor structure to the ground
under the house must not be less than 0.3m.

In the Swedish Standards (SBN 80) two U-values of the floor
structure are tabulated i.e. 0.25 and O.SOWImzK (Table 17) with the
possibility of interpolation to determine the corresponding foundation depth.
The Finnish guidelines (1987) gives Table 15 which specifies maximum allowable
U-values of 0.22 and O.ASW/mZK applicable respectively to a floor for a

heated room and a partly heated room above a crawl space. In the case of

2
industrial buildings the respective values are 0.36 and 0.65W/m K.
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TABLE 15

Maximum allowable U-value and minimum thermal resistance
for floor structure
of heated and partly heated buildings with crawl space.

Max. allowable U-value Thermal resistance
W/m2K m2K/W

Heated room Partly heated Heated room Partly heated

room room
Residences 0.22 0.45 4,55 2.2
Industrial 0.36 0.65 2.8 1.5
4.5 FOUNDATION DEPTH
(a) Foundation in non-frost-susceptible ground

According to the Norwegian 'Building Details' (A 521.203), in
non-frost-susceptible ground the foundation depth may be small, the practical
minimum being about 0.3m under prepared ground (Fig. 97). For less important
buildings the foundation may be set directly on sufficiently firm ground
(Algaard, 1976).

(b) '‘Frost-free depth’

For frost-susceptible soil, the Norwegian ‘'Building Details’
specify that the foundation wall should be based at the particular locality's
‘frost-free depth' in undisturbed ground. The frost depth from the Chart
(Fig. 8) for Norway is corrected depending on the local soil type but no
correction is made for water content. The correction factor is 0.85 for silt
and 0.7 for clay and the smaller depth thus obtained gives a saving in
excavation work and ground wall material.

The foundation depth based on the Chart is deeper than necessary
for heated buildings but it is right and necessary for cold or sporadically

heated buildings and for crawl spaces that are especially well ventilated (in
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the latter case one approaches the principles for ‘open' foundations
(Chapter 6). In such a crawl space, there will also be frost penetration on
the inside of the foundation wall and then one must check both for the maximum
frost depth and for uplift by sidegrip (Fig. 98). With frost penetration down
both sides of the foundation wall, sidegrip can become considerable and the
resulting uplift force can be estimated on the basis of Table 16. If the
total uplift force is larger than the total weight carried by the foundation
wall, it must be anchored under the maximum frost depth or its surface coated
with bitumen (at least 2mm) or epoxy to reduce the sidegrip (Algaard, 1976).

(c) Reduced foundation depth

A heated building provides a certain amount of heat through its
floor to the foundation area so that the required foundation depth is less
than the frost depth ho in undisturbed ground. Procedures of design with
reduced foundation depth are based on the work done in Sweden by Adamson et al
(1971 and other publications) and on the Swedish Building Standards. An
underlying drainage layer of gravel is considered part of the foundation. The
ground around the building is assumed to have no snow cover and the crawl

space temperature to be above 0.

Swedish Building Standards

According to SBN 80 the foundation depth can be determined from

ho by applying a reduction factor p found from Table 17.
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TABLE 16

Values for the lifting force (KN) transmitted
by sidegrip to unprotected piles or piers
with diameter 200 to 350mm in dry crust clay

LIFTING FORCE WITH SIDEGRIP, KN,

Freezing Index h °C

Material 10000 30000 50000
Steel 50 100 140
Wood 30 50 60
Concrete 30 80 100

Concrete wall
per metre length 25 40

50

(values serve as a guide)

(from Torgersen, 1976)
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TABLE 17

Reduction factor B with respect to frost penetration depth
for a foundation construction below a heated building
with a floor construction above
an _enclosed crawl space ventilated by outside air

Temperature Thermal Reduction factor g
zone transfer for facades at distances Near external

coefficient greater than 1lm from corners, up to
of floor external corners 1m from the
construction corner
U - value Long Short
w/m2K building* building

I and 1I 0.50 0.3 0.4 0.4
0.25 0.5 0.6 0.6

III and IV 0.50 0.2 0.3 0.3
0.25 0.4 0.5 0.5

* A long building is one with length more than 3 times its width.

Use of Table 17 requires the following conditions:

(1) The width of the building is at least 4m.

(2) Rooms or premises situated above the floor, with the exception of
single small spaces, regularly have a temperature of at least
18°C during the heating season.

(3) The layer of insulating material on the ground surface inside the
ventilated crawl space has a maximum thermal resistance of
O.SmZK/W.

(4) The part of the foundation wall above external ground surface has
a minimum thermal resistance of 1.1m2K/w in temperature zones I
and II, and O.9m2K/w in zones III and 1IV. However, if the

underside of the floor construction is higher than 0.6m above the

ground surface outside the foundation wall, a higher thermal
resistance should be selected. 1Its value should be such that the
total quantity of heat passing through the foundation wall is not

greater than the quantity of heat passing through a foundation

wall O.6m above grade and with the thermal resistance specified

above.
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(5) The ventilation rate is 1lm~ per m  of floor area per hour. K|

S

A 3 2 NN

-j.- When the ventilation rate is as much as 3m /mh, the W
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- tabulated wvalues of B should be increased by O0.1. For _':-.:::
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intermediate ventilation rates, linear interpolation should be (|
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calculation of ventilation areas, reference is made to section '_:-4:_«‘
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32 : 3222 of SBN 1980).
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Frost I Jord procedure A0
28T
Similar assumptions were used in the Frost I Jord procedure with - .'1
[ 4 F.

YA

. . e
the following differences. In the case of point (2) it was noted that an (-:5"";;
[ >

L STY,
A SO
occasional drop in temperature from the usual 17°% (instead of 18°C in F:J':-'
o aia
Sweden) to about 10 C over a couple of weeks would not have an appreciable ) _!
AT A
influence on frost penetration. Also, corresponding to point (3) it 1is ,:.'_;\"_’.
N
AN,
\I.“
specified that the ground in the crawl space must not be thermally insulated. ;\:,\;
SO
Qu\.j
The minimum thermal insulation requirements for the foundation wall, point ¢:,!
NS
=4
(4), are also different in this case and have to be in accordance with the :::.::
NN
Norwegian Building Code's requirements for a basement wall against outside :‘::'
~I~li
air. TIf the foundation wall is higher than 0.6m above outside ground, more . _._'.
‘-I »n

“‘.-‘./-.

insulation is required. With regard to point (5), the assumption is simply .::-\_-:.
'adequate ventilation'. ":;
\-l.'l

The Frost I Jord calculation procedure for determining the .,1'

LA A

>, \

minimum foundation depth is based on an outside temperature varying Et-::q
"

»

harmonically according to a cosine function. This gives approximately the ;:::
i Sal ¥

{

same frost penetration as an actual temperature variation with the same

A

Freezing Index (Section 3.3). The steps in the procedure are as follows: r;x
L4

(1) The local design Freezing Index is determined: Fd = FlOO' : A

(2) The foundation wall's U-value is checked to see that it satisfies P

Y
>

the Building Code's requirement concerning a basement wall AN
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If the fnundation wall height is greater than 0.6m above grade,
the U-value 1s multiplied by 0.6/h.

(3) The floor structure’'s U-value is checked to see that it conforms
to the Building Code's requirements.To obtain a satisfactory
surface temperature on the floor, one uses recommended values
from Fig. 96.

The building ground is examined to see if it is frost-susceptible
or not.The necessary foundation depth zg is determined:
(a) On frost-susceptible ground:

zg is determined depending on F the floor structure's

100’
U-value and soil type A or B (Fig. 99). Soil A includes the
finest friction soils such as silty sand and sandy silt.

Soil B includes impervious and moist cohesive soils.

(b) On non-frost-susceptible ground:

zg ;; 0.3m, or less in exceptional cases.

OQutside ground insulation will have a large effect on frost
penetration but this is not taken into consideration in determining the

necessary foundation depth according to the Swedish Standards or the Frost I

Jord procedure. The Finnish guidelines take the thermal resistance of ground

insulation into account.

Finnish guidelines

The Finnish guidelines (1987) assume a width of ground insulation
between 0.8 and 1.0m taking the 0% isotherm as being critical whereas the
—1OC isotherm 1s c¢hesen as such in the Swedish and Norwegian methods.
Otherwise the Finnish guldelines are based on similar assumptions to those of

the Swedish Standards with the following differences:
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Point (2): The inside temperature of the room above the crawl
space is assumed to be at least 17°C.
Point (4): The foundation wall 1is assumed to be 'well

insulated' for at least 0.3-0.5m below ground level
but the value of its thermal resistance is not
specified.

Point (5): The ventilation rate is assumed to be not greater
than 0.6Litres/mzs which is equivalent to
2m3/m2h.

Also the thermal resistance of the floor structure is specified in the Finnish
guidelines as A.SmZK/w whereas the Swedish Standards specify the U-value of
the floor structure between 0.25 and 0.50 W/mzx.

Based on the above assumptions, the Finnish guidelines enable the
required foundation depth to be determined from Fig. 100 depending on the
local design Freezing Index and the thermal resistance of the ground
insulation to be used. Table 18 from the Finnish guidelines gives an
alternative specification for the frost-free foundation depth in
frost-susceptible soil.

Where buildings are partially heated to an inside temperature
between SOC and 17°C, the foundation depth found from Fig. 100 is
increased by 0.2m to 0.4m.

Norwegian 'Building Details'’

According to the Norwegian 'Building Details' (A 521.203), even
on frost-susceptible soil, the foundation depth can be reduced to 0.3m if
insulation 1is 1laid under a foundation wall (Fig. 101). This is most
practicable in relatively mild climates where moderate insulation thicknesses
can be used. The necessary insulation thickness 1is given in Table 19

and Mean Annual Temperature.

3
The assumed insulation is expanded polystyrene with density of 30 kg/m .

depending on the locality's Freezing Index FIOO
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TABLE 18

o}
Heated structure (inside temperature 217 C)
with crawl space

Frost-free foundation depth in frost-susceptible soil

Frost-free foundation depth

m
Foundation
Specification part Freezing Index FSO hOC
35000 50000 65000
Floor structure

thermal resistance wall border 1.1/1.4 1.4/1.8 1.872.2

4.5m2K/W

and

crawl space

ventilation rate corner 1.4/1.8 1.7/72.2 2.1/2.6

0.6 Litres/mzs

Note: It is assumed that the building's width is at least 4m and that there is

no snow cover by the side of the building.

(Finnish guidelines, 1987)
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TABLE 19
Insulation thickness t (mm)
Freezing Index Fygo h°C

MEAN ANNUAL 5000 10000 20000 30000
TEMPERATURE °cC

3 80 120
5 40 40 80 120
7 40 40 60 100
B (m) (See Fig. 101) 0.5 0.5 0.75 1.0
b (m) (™ " ") 0.5 0.5 0.5 0.75

In the case of a cold crawl space with ventilation openings not
exceeding the recommendation of the Norwegian 'Building Details' (0.2m2 per
100 m2 of ground area), the air temperature inside the crawl space will be
appreciably higher than outside air temperature. Accordingly a design

Freezing Index of F_ may be used in determining the required width 'b' of

2

insulation extending inwards from the foundation wall. The width of

insulation extending outwards, 'B', is still determined according to Floo

Wb

]
gkt‘ *
g o'y
e,
v o
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(Dow Chemical, 1987).

4.6 FOUNDATION WALL INSULATION

The Norwegian Building Code does not place a requirement on
thermal insulation of the foundation wall of a crawl space. Heat loss through
the foundation wall can be considerable and in buildings for normal occupation
the foundation wall should be insulated (Algaard, 1976). All estimates of the
recommended thermal insulation for the floor structure (Fig. 96) and necessary

Weelley

foundation depth (Fig. 99) assume that the foundation wall insulation is not ARG

worse than the Building Code's requirement for a basement wall against outside
air. By increasing the insulation of a foundation wall, the crawl space
temperature will rise somewhat and that will improve conditions with regard to
the floor temperature and the frost depth at the foundation wall. Where the

floor structure has a low U-value it is particularly important to improve

insulation of the foundation wall to keep the crawl space temperature up and
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If a foundation wall has a height h over the ground greater than
0.6m, heat loss through the wall increases beyond what is assumed in the
Building Code's recommendation, and the greatest allowable U-value of the
basement wall is multiplied by a factor of 0.6/h (Algaard, 1976).

The Swedish Standards SBN 80, in association with Table 17
(Section 4.5), quotes minimum values for the thermal resistance of a
foundation wall ranging from O.9m2K/w to l.lmzK/w depending on the
climate. The recommendation is that these values should be increased (but the
amount is not specified) if the pedestal height h is more than 0.6m. In such
a case the Finnish guidelines (1987) recommend the minimum thermal resistance
R of the foundation wall be obtained from the expression:

R =R (h/0.6)

0.6

where RO.G is the thermal resistance of a wall with pedestal height of 0.ém.

For a foundation wall consisting of material that is not
thermally insulating, e.g., concrete, the thermal insulation should be placed
on the outside because that gives the best protection against frost
penetration through the foundation wall.

A cold bridge should not be allowed to form as exists in the top
illustration of Fig. 102. This cold bridge can be broken by extending the
ground insulation under the foundation wall so that this insulation contacts
the vertical insulation in the middle of the foundation wall as in the lower
illustration (Fig. 102). The effect is to shift the position of the OOC
isotherm more favorably so that it does not penetrate inwards below the

foundation wall. A further advantage is that less width (1.2m) of ground

insulation is required instead of the former width of 1.5m.
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4.7 THERMAL INSULATION OF BASEMENT WALLS

The Norwegian Building Code gives certain maximum allowable
U-values for outer walls or basement walls depending on the inside
temperature. These U-values are 0.30, 0.60 and O.BOW/mzK for 1inside
temperature of 180C and above, 10—18°C. and 0—10°C respectively.

As an example of how the U-value may be determined, design curves
are given here for a concrete basement wall externally insulated with
'styrofoam’ (an extruded polystyrene product). The average U-value depends on
the height of the wall, the insulation thickness, the type of soil behind the
wall and the height of this soil. Three types of ground are considered: (I)
loose material, (II) clay and (III) rock. Fig. 103 applies to a wall 2.5m
high with varying soil height H. If extra insulation thickness is used under
the ground, the U-value can be determined from Fig. 104. For a basement wall
with height up to ém and a fixed top level 0.5m above the ground, Fig. 105
gives the U-value with the same insulation thickness above and under the
ground.

For use 1in thermal design of a basement, NS 3031 (Norwegian

Standards, 1986) gives the values in Table 20 for the thermal resistance Rj

of the ground (see Section 3.4.5) depending on the type of ground.

TABLE 20
Thermal resistance of the ground
Ry, m2K/W
Construction Fill materials Rock

Clay Other

Basement outer wall with

fill height H (m) above

the basement floor 0.7H 0.5H 0.35H
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4.8 DRAINAGE AND THERMAL INSULATION

The usual drainage method is to use a layer of sand or gravel to
replace any existing cohesive soil just behind the wall (Fig. 106). If,
instead of this, a layer of plastic or mineral wool is placed, it will hinder
sidegrip on the wall. With a plastic layer, however, frost-susceptible soil
would lie near the wall and can still give horizontal pressure on the wall.
The imperviousness of the plastic can lead to inadequate drainage so that the
soil remains frost active.

A layer of mineral wool, for example on the outside of a
Leca-wall, acts as a large addition to the thermal insulation so that heat
from the basement to the soil outside is considerably reduced. As a result
there could be a deeper frost penetration than with gravel drainage and
frost-active soil would be nearer to the basement wall. Also the mineral wool
requires sufficient stiffness to take any acting horizontal pressure. Because
of these problems one should consider removing some of the frost-susceptible
soil and replacing it with non-frost-susceptible material together with some
insulation (e.g. Fig. 107).

In Norway drainage board is sometimes used as a combined basement
wall drainage and thermal insulation. This board can consist of ‘'rockwool' (a
mineral wool), of 100 Kg/m3 density, or polystyrene with an open structure
or with grooves (Torgersen, 1988). Other proprietary materials are used in
Sweden such as 'Pordran' consisting of nearly uniform 'styropor' pellets of
medium gravel size held together with a binder. A plate of this material is
6.5cm thick with a porosity of around 35% allowing movement of water through
it in liquid or vapor form. As shown in Fig. 108 the pordran is covered with
a synthetic fiber mesh called 'fiberduk’ which prevents access of fine soil
particles. The protective combination, placed on the outside of a basement

wall, has good thermal insulating properties and allows drying of the basement

wall outwards thus preventing moisture accumulation in it due to upward
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suction from the ground. Adequate drainage behind the wall 1is also
facilitated. Similarly in Finland basement walls are usually protected with
an outside thermally insulating plate and a drainage layer.

Experience shows that most of the damages from frost action occur

in the construction period during the cold season or in the first winter after

- construction. This is probably because the drainage system has not yet

LR I
A 4

-

managed to drain the soil sufficiently and, as a result, there are more

5

o

favorable conditions for frost action causing larger horizontal frost

o
(3

pressure. Also frost tends to penetrate deeper where soil is exposed during
the construction operation and protection measures, such as covering by

'winter material', should be considered.

4.9 FOUNDATION OF BASEMENTS
The Swedish Standards (SBN 80) give a reduction factor B
| (Table 21) for determining the foundation depth for an uninsulated floor

construction laid on the ground such as a basement floor.

Sauy

TABLE 21

Reduction factor for uninsulated floor construction
laid on the ground

Lowest monthly mean temperature

3 during the winter in a room with
. uninsulated floor construction about 0°C about 10°C
Reduction factor P 0.6 0.3
O R
!/ r ) I:t‘
- ()
S
: Yy
! In Finland, foundations of basements normally reach frost-free depth \Q}ﬁ; ﬁ
N \f ¥
but if the basement is founded above this level. its foundations should be ' °
‘ gt
. insulated in the normal manner (Saarelainen, 1988). With a cold basement, :iggngﬂ
GAOAGHH
.i.(‘k., ‘l|! (‘v
X foundation conditions and designs can be similar to those for unheated 3}?§3$§
OOGHO00
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structures and to foundations on piers or piles. If, on the other hand, a ®
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basement is heated and insulated to provide habitable space, the construction

&5 becomes like a slab-on-grade and should be designed accordingly.

4.10 FROST PROBLEMS

Frost problems with a basement construction are generally smaller
than when there is no basement. The temperature in the basement is generally

over OOC and the foundation is usually below the frost depth. So the risk

» 'f
v‘qqs‘g
conditions can give rise to sidegrip and horizontal frost pressure on a 'h“¥:

)
'“‘"‘,

of frost under the foundation is negligible in practice. However unfavorable

basement wall. Also indoor temperatures can decrease if part of the basement
is exposed to outside air.

A basement exposed to winter air is extremely wvulnerable to
frost. Not only is there a short distance to the foundation but, if there is
soil along the whole height of an outside wall, there is danger from
horizontal frost pressure if the soil freezes on account of the very cold
conditions inside the basement. While care has generally been taken as
regards frost-protection of a basement's foundation to hinder under-freezing,
there has been negligence in frost-protecting basement walls exposed to winter
air. Fig. 109 shows a recommended design where the floor slab bears on a
drainage layer and the walls are insulated internally with additional
insulation between an outside wall and existing soil.

Sidegrip

Generally sidegrip is not a big problem with a basement
construction. It often happens that soil next to a basement wall shrinks and
fissures form especially near the top of the wall. This reduces the sidegrip
that the soil could exert on freezing but water should not be allowed to

percolate into the fissures since on freezing it can grip the wall.
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Some damages have been observed particularly with walls built of

blocks with defective vertical joints. Sidegrip can be prevented by using a

d

L]
coarse grained drainage material outside the basement wall e.g. 0.5m of dry

(!
gravel. This provides separation from frozen existing soil or fill so that

- any upward heave force is not transmitted to the wall. Alternatively a tar

< coating on the wall could reduce the shear between frozen soil and the wall ¥ ":.l.‘:.l,‘.

it |

surface (Saarelainen, 1988). b h

]/ l'..l'l" t

Horizontal frost pressure
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o, If a basement wall is properly insulated and there is level o
ol ity
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homogeneous ground outside, the freezing front is horizontal and any heave ®
X oAl
force acts vertically upwards. If the ground is steeply sloping, there can be H’:"T\--g
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. a significant horizontal frost force. There is no doubt that this has caused
a number of damages as basement walls were pressed inwards (Nordgdrd, 1972).
]; However while damages caused by horizontal frost pressure have occurred in
Norway, for example, they have not been frequent (Torgersen, 1988).
If the ground on one side of a house is sloping towards the
‘" house, it is evident that the direction of frost uplift can have a horizontal
component acting on the wall (Fig. 110). Even with flat ground, where snow
has been shifted away from a house, it is possible to have an inclined frost
force (Fig. 111). Because there is no insulating effect from snow near the
house, the frost depth is lower in this region and the frost front is curved
_ as shown. The frost force is conveyed to the wall through the frozen mass.
K:
It is often difficult to differentiate between frost pressure and
W normal lateral earth pressure. Whereas the latter can be estimated, $§
horizontal frost pressure cannot. It would be difficult to design a wall as '_ ®
regards frost pressure and the best solution is to design so as to prevent phf‘
K3 frost pressure from developing. This can be done by providing adequate Q)

drainage behind the wall to prevent water accumulating. A drainage layer of d

coarse
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material (gravel or crushed stone) can be placed outside the wall as
previously mentioned. Also the ground can be sloped downwards away from the
wall and/or horizontal ground insulation placed outside the wall to limit
frost penetration (Torgersen, 1988).

Local uplift force

Usually a Dbasement wall consists of Jinternally insulated
cast-in-place concrete or it is built of blocks of expanded clay aggregate.
The latter type is so weak that, if there is a local uplift force under its
foundation, this could lead to a fracture in the wall. A cast wall can
usually be reinforced so that a moderate uplift will not cause any damage to
the wall other than some distortion. However even a small distortion can lead
to problems in the overlying house. Again, it is better to have a good design
against frost pressure developing rather than to try to solve such a problem

with increased reinforcement.
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5. FROST PROTECTION OF UNHEATED BUILDINGS
5.1 INTRODUCTION

This chapter is concerned with frost protection of the foundations of
unheated (i.e.. ‘cold') structures that may be associated with
frost-susceptible soil. It includes frost protection of separate foundations,
such as wall ('strip') and column ('point') foundations exposed to frost. The
general objective is to ensure that damaging frost heave does not occur. As
opposed to heated buildings where heat flow from the building is utilised in
foundation design, the protection of cold structures relies on the available
'*scil heat' which has been stored in the ground during summer. Frost
protection is based on using insulation to reduce the upward loss of this soil
heat and thereby to prevent frost from penetrating down tc the
frost-susceptible ground below (Fig. 112). The protection under a building
consists of a layer of insulation placed on a drainage layer. The drainage
layer consists of coarse material that is not frost-susceptible.

The methods described are generally based on the Frost I Jord
project. They can‘be applied to frost protection of a slab-on-grade, and, in
general, to foundations for various types of unheated structures such as
industrial ©buildings, warehouses, garages, outhouses and shacks. These
methods can also be applied to an unheated section, or a large room, of an
otherwise heated building, to a small unheated room in a corner of a heated
building or to a heated building the floor of which lies higher than 0.6m
above exposed ground. Frost protection of special structures, such as
exterior staircases, is included.

Frost protection of foundations can also be done in other ways:

(1) Placin the foundation at the traditional frost-free depth. The

economics of this might have to be considered in comparison with
other methods. The Swedish Building Standards SBN 80 simply

states that a foundation construction below a building with a
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(2)

(3)

(4)

temperature not appreciably higher than that of the outside air
should be taken down to the frost-free depth ho below the
ground surface according to Fig. 10. This applies, for example,
to foundations below entirely unheated buildings and below
buildings with an 'open' foundation on piers (Chapter 6) and to
staircases and retaining walls outside buildings.

Replacement of frost-susceptible material down to the traditional
frost-free depth. This method would normally be used only if the
frost-susceptible material requires to be moved for some other
reason as well.

Using artificial heat sources such as heating cables, heat pipes
or warm air. This is very energy consuming if it is not combined
with 1insulation. It is also risky for permanent structures
because the heat supply could fail during critical periods. It
should therefore not be used in permanent structures except in
emergencies although it could be feasible during winter
construction.

Casting a stiff foundation that can 1limit frost heave. The
foundation then acts as a unit and is subject to a reduced amount
of heave. For example this method has been used in Norway with
small unheated storage buildings (say 3x3m). Because of the
rigid foundation, the door can be closed and opened without
problems. The building and foundation go up and down during the
year. In spring, the building tilts because thawing occurs

faster on the sunny side (Torgersen, 1988).
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5.2 FROST LOAD

The necessary frost protection depends on the 1local winter
climate as expressed by the local design Freezing Index Fd and the Mean
Annual Temperature (MAT) which produce the 'frost load'. The MAT is important
because it can affect the extent of heaving. The Freezing Index at a place
can have different magnitudes depending on its statistical probability of
occurrence in a given period of years i.e. FlOO' FlO' FS and Fz.

NORWAY

Values of the Freezing Index together with thc Mean Annual
Temperature are tabulated for different districts ('kommune’') in Norway. The
district's 'maximum Freezing Index' is in practice taken as the greatest value
of F in one hundred years 1i.e. FlOO' The design Freezing Index, Fd, for a

particular frost-protection requirement in a particular district, 1is chosen

from among F F and Fz tabulated for that district depending

100'F100 Fs
on (Algaard, 1976):

(1) Wwhat i: to be frost-protected e.g. a foundation or floor. The
consequences of possible frost heave should be assessed and the
sensitivity of the construction to heave taken into account.
Fd can be different for a foundation wall ind a floor of the
same building (Fig. 113).

(2) The number of winters over which the frost protection shoo.o ¢ .
effective, i.e. whether the structure is permanent or ‘.=
The likelihood for a certain Freezing Index to oc-.-
estimated.

(3) The degree of experienced inspection. Th:: .::

to the construction period.

(4) Whether the air temperature indoors is h:.s*. -
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if the value of the Freezing Index inside is expected to be lower

than outside. This is likely for an unheated building that is

insulated and closed particularly if it has windows giving
considerable sun radiation. This is an uncertain factor but it can
be important.

(5) Whether the surface temperature at the site and the effective
frost load are significantly different from the air's temperature
and Freezing Index.

With regard to point (5), radiation from an uncovered horizontal surface can
increase F by 7000-8000 hOC, but snow cover reduces F and other factors also
tend to reduce F, thus usually providing an adequate safety margin. Table 22
gives guidelines for choosing the design Freezing Index Fd.

The tabulated values of the Freezing Index for a Norwegian
district may require adjustment for a particular location depending on its
local influencing factors such as the elevation, slope and ‘open-ness'. The
locality may be some distance from the nearest meteorological station from
which the tabulated values are derived. The local Freezing Index may
therefore vary significantly and require a larger thickness of insulation.

At places with a low HAT(+1°C and lower) there 1is little
effective heat content in the soil, i.e. utilisable 'soil heat'. So the
demand for insulation is quite large if one does not also make use of the
freezing heat by allowing part of the soil to freeze. To avoid frost heave in
such cases a sufficiently thick layer of moist protecting material (sand,
gravel) is laid under the insulation and its water content gives additional
heat on freezing. The frost resistance of such a layer is proportional to its
thickness and moisture content. If the MAT is OOC or lower (as in mountain
areas and in Finnmark) one cannot use the methods for frost protection

described here since permafrost conditions are approached.
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TABLE 22
Guidelines for choice of Fy for frost-protection
of construction and ground, permanently or in building

period.
} DESIGN FREEZING INDEX
. FROST-PROTECTION Fq, hoc
OBJECTIVE Foundation wall Floor
'Permanent’ construction F10 to Fyg0 0 to Fip0
exposed to outside climate
Fg = Fout Building construction Use requirement and
4 must be evaluated floor type must be
R evaluated.
My
'?I‘I!u
Unheated, but closed and (Fg = Fgut) (Fg- LFgyut) -
, insulated building :
Fin < Fout Fio to Fip0 0 to Fiq .
Frost load, use require-
' ment and floor type must
be evaluated.
Insulated, frost-free (Fg = Fout)
building
Inside temperature ) 0°C F1o to Figo 0
i.e. Fyq=0
Frost protection of con- r
str\.xction in the building ;':5':.;‘.:\“1
X period to prevent frost :'v%p
. heave: Fs (Fy, Fy9)
Construction’s frost
\ sensitivity and ground's
frost susceptibility must
be evaluated }Qﬁiﬁi@
€ et )
N Frost protection of building R

ground to prevent:
- Frost heave: Soil and risk

must be evaluated F, (Fsg) .
: - A thick frost crust:soil, TR TR
d . . s d . k .~l. .:‘ ':‘g.l
igging equipment and ris v&ﬁnﬁi
must be evaluated fﬂ}’bﬁﬁ
3 gt
':ghﬁ&ﬁ
Y. ",“?."E'
@
s n AT AMAR
Probability that Freezing Index m?h?&ﬁ’
should be Fg- With Fq ag: :»a,:t‘,:;:.;;'
Eadiat e
, W
50% £ SR
80% Fs °
3 or r10 N
N 997’ FIOO ‘!‘u"‘q.l:':o:

N (from Algaard, 1976) -nﬁ“g‘w
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The 'Building Details’' (A 521.111) state that frost protection of
permanent structures should normally be designed according to the local
maximum Freezing Index i.e. Floo' This would give full protection without
harmful movements in the structure from the action of frost. However, if the
structure can tolerate a certain amount of heave, a smaller Freezing Index may
be used in the design ,e.g. F1o’ F5 or Fz. Table 23 relates to
lightweight houses made of wood and gives the expected maximum frost heave
(that the structure can tolerate) and its frequency of occurrence
corresponding to the selected design Freezing Index. The values in this table
were estimated from experience and calculation. They give an idea of the
maximum frost heave with soils that have high or medium frost susceptibility
and differential heaves of that order of magnitude can also arise. These
values, however, must be regarded as site specific so that they may not be a
good guide for other circumstances. Prediction of amount of frost heave is
still at an early stage.

A floor directly on grade can be considered to tolerate some frost
heave depending on type of construction and functional conditions. A concrete
floor designed for large loads and heavy traffic should not be exposed to
frost heave. An asphaltic floor can tolerate moderate deformation while a
floor of gravel or earth (as, for example, in a car port or open shack) can be
just as fit for use with normal frost heave.

If a building is to have a life of several years, the design Freezing
Index should not be different from the usual probability value for the

locality since F can appear at any time (Algaard, 1976).

100

Cottages and other buildings that are sporadically heated will have a
lower indoor Freezing Index depending on the length of the heating period.
However one must be very careful before reducing Fd because a few short

heating periods in the winter can, in practice, have little influence on the

design requirements.
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Y, t Wy
' P :,.";
: t
Maximum frost heave (mm) 0.' ".:}":l
Maximum frost heave occurring on average one winter in a T
o Design 0= =~ = - = & = - & = — . e e e e — m o m— - - o - - -~ - v '.:':.:i:
Freezing Index 100 year period 10 year period 5 year period et
g h Oc
.'
Q
F - - _ ®
% 100 T
' Fio 10-20 - -
&,:', Fg 30-40 20-30 -
F, 40-50 30-40 10-20

(£

(from 'Building Details', A 521.811)
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L]

In buildings where the inside temperature in the winter half of
Yy the year is never lower than Ooc, the 'Building Details' (A 521.1l1l1) state ":."l‘.‘ti::
that there is no need for frost protection of the floor. For such buildings ’

the foundation wall can be frost protected using F as the design value.

10 TR
- .‘

It is very important to note that the foundation wall and the ..'::é‘:gj,

Yo

\ edi et

' outer walls of a building are always exposed to the outside climate '3'%1

A x]

irrespective of whether the frost load indoors on the floor is lower than

outdoors or not.

v
” hd
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FINLAND e

‘ .
¥ In Finland F50 is usually chosen as the design Freezing Index o

20 may be used ::. :

for cold structures except in special cases. For example F
where structures can withstand some differential movement due to frost heave L ]
as in the case of buildings composed of wood or light aggregate. @0."\' 0!

For a particular locality in Finland the value of Foo is ':f:‘:‘:'-‘!

determined from Fig. 2 and a corresponding reduction factor is applied as

- . . - . 3 - ‘
, obtained from Fig. 114. Use of a reduced Fd is a new procedure in Finnish :‘::“::::a
iy nhhhe
D CoON
design applying to cold structures and it allows for the insulating effect of ‘:::c“::c:::
i b ey
LA (MK KR
snow cover which is practically always present in winter. This Finnish e
o
practice is significantly different from Norwegian design which does not take ":p‘::@:!!‘qg:
l|'| g'l‘Q‘o‘
) M lie 470
snow cover into account. ::;«'.:;:{’Q
.I".Q’?.ﬁt‘:
d @
OGRS
el
5.3 NECESSARY THERMAL INSULATION :,‘ h “':::‘l‘
et
VINOAON
. Table 24 from the Frost I Jord project can be used to determine -c"\'a‘:;::::"
’ A
Y. i3

the least thermal resistance Ro of the insulation layer according to the
design Freezing Index Fd and the Mean Annual Temperature MAT (Algaard,
o 1976). The values can be interpolated for intermediate magnitudes of Fd and
.!

MAT. The necessary thermal resistance Ro depends on the thickness and type
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TABLE 24
Necessary thermal resistance Ro with frost
insulation to prevent frost heave under
cold insulated structures. R _is a function
of the design Freezing Index, Mean Annual
temperature and type and thickness of frost-
protecting layer between the insulation and
frost-susceptible ground.
. 0
Desian Freezing Tndex  Fy n°c | 10000 20 000 30 000 40 009 5000
- —4
Meon Anmwal TemporabareC @l |2 [3 [e7]v |2 [ Je-s]' |2 EEIDE
Frost-protecting layer bebaeen insulakion
and wnderaround , 1
Type 3 Thicknass Tnsulation’s minimum theymal resistance Ay, M KW
.m
0.1-0.2 08 16 1.4 1.2 3.2 2.6 2.2 2.0 4.2 3.5 2.8 (5.01] {4.01
&RAVEL 0.4 05 12 110 )os J25 20 |16 }1.4 135 28 1 2.2 (dol(iﬂ
COARSE SANP 0.6 ‘0.3 08 0.6 | 0.5 1.7 1.4 1.0 0.8 2.5 2.0 1.6 3.2 f-g
{pg = 1700 kg/m”) 0.8 0 06 |04 l03 |14 |1y joB o7 j21 | 16]) 13 12 9 X
fw = 8%) 1.0 0 04 03|02 {10 |07 Jos [o5 |16 )12]10 |18 [T | noniay
&-*udﬁg
:'6‘ A
et
"y, t'rﬂt';i
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of frost-protecting material placed between the insulation and the
frost-susceptible soil below. A high water content in the protecting material
gives a high contribution of freezing heat and will delay frost penetration.
In Table 24 calculations have been based on the use of a layer of sand/gravel
with a moisture content of 8% by weight. A drier layer of crushed stone would
give a greater thickness requirement.

The given values for Ro will allow frost to penetrate a little into
the frost-susceptible underlayer without giving rise to significant frost
heave. The first line in Table 24, z = 0.1 - 0.2m, is used if there is only a
draining or <capillary breaking layer of minimum thickness under the
insulation. With a drainage layer of larger thickness, the corresponding
value of Ro can be found from Table 24 according to appropriate values of

Fd and MAT.

5.3.1 Finnish guidelines

Based on Table 24, the Finnish guidelines propose the use of
Table 25 which is similar but has an additional column corresponding to a
Freezing Index of 60000n°C and greater. Table 25 also has an additional row
applying to the use of 1.5m thickness of non-frost-susceptible material. The
Mean Annual Temperature for a Finnish locality is obtained from Fig. 7 and the
design Freezing Index is the reduced value allowing for snow cover as
explained in Section 5.2. The required thermal resistance R° of the
insulation can then be determined according to the chosen thickness of the
non-frost-susceptible layer to be placed under it. The idea of using this
layer 1s to prevent the OOC isotherm from penetrating further down into
underlying frost-susceptible soil. The part of the insulation extending

outside the foundation is the 'ground insulation' with a width 'bd’.
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TABLE 25

Thermal resistance of ground insulation

for protection of cold structures.

. Desisn | 20000 co0 40 000 50000 [=50000
Freezinm Inkes
hee |
[ |
MAT *C | 22f+3|z+ef+1fr2|s3 = +4|+1 P4 F1+2] Q1

Thirkh(fs of
non~frost -

susceptible lagey

ravnd insuletion’s Tharmal rasistance R° kA

-

n

(below

Dnvr\-l iqjv\dun)

™M

0.2 |16] 12 [12] 32)2s]22]13 |(+2) 35 | 28] x (28)] «x

o4 | 1.e )11 jos] 2sfz|rrie [ 33 |23 | 22 |of28] =
| os Jioarjasarfirialio] 25 |22 | 15]38]22] (5o |
R |25 ]2 ]os] r7]raitojo7 | 22 |15 |13 ]2e]22] 18

10 |a.+]os[a2] 1ajrofarfos | 1s |12 [10f22 17| 28
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0 |a Jasfosjazfoz | 10 jo7|as|refia] 18

I

foundation depth should be increased.

in general, increase of foundation depth
is more profitable.

(Finnish guidelines, 1987)
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Having found the required thermal resistance of the ground
insulation from Table 25 and knowing its thermal conductivity, its necessary
thickness can be determined. The required width °'b' of this ground insulation
is then found from Fig. 115 depending on the depth of the insulation below the
ground surface and the design Freezing Index. Fig. 116 shows typical examples
of the positioning of ground insulation, determined as above, to protect a
slab, a foundation wall and a column or pier.

Ground insulation must always be 1located over a layer of
non-frost-susceptible material with a thickness of at 1least 0.2m. This
drainage layer protects the overlying insulation material against capillary
flow from the ground below and tends to keep the frost front a relatively long
period in non-frost-susceptible material, thus smoothing and reducing frost
heave outside the foundation perimeter (Saarelainen, 1988).

The effect on the calculated temperature distribution of placing
insulation at different locations is shown in Fig. 117. In the upper
illustration 0.34m of sand underlies the foundation wall whereas in the lower
case insulation 1is placed directly below the wall with 0.2m of sand
underlying. The 0°C isotherm has a more favorable (i.e. higher) location in
the latter case because of the position of the insulation. Had the foundation
wall been composed of expanded clay aggregate instead of concrete, the upper
case would have been satisfactory because of the higher thermal resistance of
the light aggregate material.

Ground insulation as shown in Fig. 117 can consist of insulation
material 1like a board of extruded polystyrene or of a light gravel layer
(composed of expanded clay aggregate) of such a thickness as to give an
equivalent thermal resistance Ro' If a polystyrene insulation board is
used, it is first laid on a drainage bed and then covered with a protective

layer of sand, for example. To prevent surface runoff from getting to the

insulation, the ground surface should be sloped away and covered with a soil
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5.3.2 Norwegian 'Building Details'

The design process developed in the Frost I Jord project was taken a
step further by the Norwegian 'Building Details' (A 521.811) which gives
required thicknesses of expanded polystyrene insulation and underlying
drainage layer (Table 26). Various combinations of thicknesses of these
layers have an equivalent effect and may be used corresponding to a particular
design Freezing Index and Mean Annual Temperature. The specification is that
frost protection can be carried out with thermal insulation, a combination of
thermal insulation and an underlying layer of drainage material that is not
frost-susceptible, or with coarse drainage material alone. Under a floor
there must always be a drainage layer with at least 100mm thickness (Fig. 118)
consisting of coarse gravel or crushed stone. Such a layer should also be
laid under mineral wool used as ground insulation.

Table 26 gives the inter-related thicknesses with expanded polystyrene
as 1insulation. If another insulation material is used, the insulation
thickness from this table is multiplied by the appropriate correction factor
from Table 27, which also indicates the necessary moisture protection
requirements. With use of extruded polystyrene, such as ‘'styrofoam', the
necessary insulation thickness may also be found directly from Fig. 136 as a
function of the design (air) Freezing Index and Mean Annual Temperature.

Under favorable snow conditions, a snow cover outside a cold
building will give a thermal insulation effect. 1In practice, however, it
would be highly uncertain what thickness of snow to use in calculations.
Therefore, according to the ‘'Building Details', no allowance should be made

for snow in design of frost protection for cold buildings.

R A & T R, T R T o R T O T T s Ty T N e T o o W o VO O T O T R A T A YN VYW TN AN WW N

|'l‘.';"::;;
PN
o
- ' w, w ¥
R

L Syt
5'1).‘-.




WY AN YR VAR AT TN R BB AT I ;I{:{X "
"}.—"#
N
s 101. eyl
- [ ]
AR
. g N
: | | e
TABLE 26 RS
- . \.":‘."'R '
i Frost protection with expanded polystyrene Wl
and underlying drainage material »
A
; ~
> N ..‘-".-2
I (_s_} )
. Design  Mean Necessary layer , aiven in m of drainage ‘:'-_;. k'.:
i Freezing Annval meterial under insulabion of e.x(qmle-\ ‘
- polystyreme in the Fo{loumj bhick nesses v
d T . . Ao
Andex emg. &)ﬂ\\lev\ N ) D " |
ol h°C ° 40 50 [60] 80 [100] 120 150 jasulation el
}_'C' C- o . I4 (nsulaflio .nfh'*‘:‘::
1 lager 06 0 LR
. 3000 3 05 0 &
~ and less g 04 0 ’ "‘:i:::i“
’ 7 0,4 0 :J‘ '! :
l.\ K
.J'* 1 0.8 0 : 4'?.::‘:1
R : :
5 000 g 8.; 0 it
6 0 ®
Ef, 7 05 O NG
< g,
] Il
1 12 01 0 NG
- \J'\J"
b 10000 3 110 g
pog 5 09 0 NN
7 o
N 08 0 PRI
. AN,
o 1 19 08 06 05 03 01! 0 '.:'.::2}-‘
20000 3 16 04 03 02 0 R
o 5 14 03 02 01 0 LSS
ﬁ 7 13 02 01 0 ReXepd
) 1 23 1,2 1,1 09 07 04 03 OO N
Iy 30000 3 19 08 07 06 03 01 0 NI
2 07 06 [04] 02 [1] R
7 1,7 06 05 03 01 0 N
A
L 1 26 15 1,3 1,2 09 07 05 04 o
40000 3 22 12 10 09 06 04 03 0. i
. 1.1
g 5 2,1 09 08 05 03 02 O ‘.,..:E::
NY 50000 28 17 15 14 11 08 07 056 5 :.
3 26 15 13 12 09 07 05 04 Ce ; :
'
% K
g
: NN
\'\V 2:',.'\-“. o)
o Example: For a Freezing Index of 30000 h°C and MAT of 5°¢ a\i'
= one can obtain frost protection with, for example: d
RAC R,
'l:,: (a) 1.8m drainage material s :'.i g
p ¥ !
(b) 60mm polystyrene and 0.4m drainage material ! ':%‘ ':
# (c) 100mm polystyrene Ak
t
See the framed values in the Table . h
N AR
~ '\*::‘,\
-~ (from 'Building Details', A 521.811) AN

v
-
X

.
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TABLE 27. Correctionfactor for insulation thickness given in

Table 26 with use of other insulation matecials.

Necessary moisture-protection of the insulation is

also shown.

(from 'Building Details', A 521.811)

102.

r
Insulation material Insulation thickness Moisture
in Table 26 multiplied by protection
Extruded polystyrene 0.85 None
Expanded polystyrene
3
Density 20 Kg/m 1.4 Overlying
3
Density 30 Kg/m 1.0 (basis) plastic film

Mineral wool

Density at least

3
150 Kg/m 2.0 O0.1lm thick drainage
layer
Light aggregate 3.5 Wrapped in

plastic bag
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‘ Insulated floor and foundation wall - l.
. . s DY
> The floor and foundation wall in unheated buildings must be *ﬁ :;
» OO ]

frost-protected if frost heave cannot be tolerated. Figures 119 to 124 give
examples of frost protection which consists of thermal insulation and an

as'i

|9 ". '.i '.E
SRR

_ underlying layer of drainage material. These must be extended over a distance ?J' ﬁ
L] “ ¥
» W U
{_ 'b' beyond the foundation wail. Table 28 gives values of 'b' depending on the tﬁgs dg
i - '5
maximum Freezing Index F100' It is very important that no frost-susceptible i .mJ}
ey
material is placed within the foundation wall area. At an exterior corner, " h&ﬂ
.‘ .tl’e
) RS
4 extra insulation must be provided as shown in Fig. 125. Faﬂ ‘Hﬂ
¥ *
G X
g ysﬁ;.
¥, ) ¢
» TABLE 28 .:-,.:::'.::‘:Z;
TR )
Ql..l .".
: Necessarv_insulation width outside a foundation wall X &ﬁdﬁf
- et
Maximum Freezing Index ] P
N h °c 10000 20000 30000 40000 50000 60000 AR
e
- Necessary insulation width Q${$¢F
outside foundation wall "?ﬁh:
: '
R b. metres 0.50  0.75 1.00 1.25 1.50 1.50 et
ia
x If some frost penetration in the floor can be allowed, the
. foundation wall would be exposed to frost from the inside as well as from the
outside. The insulation thickness calculated for the outside of the
E foundation wall, must then also be extended a distance 'b' in towards the
floor (Algaard. 1976). 1If frost penetration in the floor is large, the rules
) given in the following section for insulation of a foundation wall should be
followed because conditions would then approach those for a 'strip' foundation.
L)
U
! In buildings where the inside temperature in the winter half of
R the year 1is always above 0°C, the 'Building Details' allow no frost

protection of the floor as shown in Fig. 126. The required width 'b' of

% insulation outside the foundation wall and the extra insulation at the corner
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are found Ffrom Table 28. The thickness of the insulation and underlying

drainage layer are designed according to Table 26 using F To avoid

10°
condensation on the floor at the outer wall, any cold bridge effect between
the floor and the foundation wall should be broken by insulation.

Care must be taken that no cold bridges are formed such as
illustrated in Figs. 127 and 128. The insulation must form a continuous laver
over or under both floor and foundation without any cold bridges that can give
local frost penetration (Algaard, 1976).

There must be adequate protection for an unheated part, or large
unheated room, of an otherwise heated building or of a small unheated room in
an external corner of such a building. If the inside temperature in such an
unheated room can be lower than Ooc. it should be frost-protected according
to Table 28 and its associated requirements, with the possibility of omitting
the floor insulation as in Fig. 126.

If the floor in a heated room lies higher than 0.6m over outside

ground, the foundation wall should be protected as in Fig. 126 and the floor

insulation designed as for heated buildings.

Insulating wall foundations

In the case of a foundation which is less than 4m in width., there
will be appreciable heat loss towards the sides as well as in the vertical
direction. The necessary width of insulation is then larger and found from
Table 29. At a corner the insulation width is even greater (Table 30)
corresponding with the value for a column or ‘point' foundation (Algaard,
1976) .

The 'Building Details' specify that where a floor can accept
frost heave, i.e., there is a small tolerance demand. it is sufficient to

insulate the foundation for the outer walls. and for any inner walls. with no

floor insulation being necessary. This can be the case in structures with a
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ol
.|"'
floor and also in those with an asphaltic floor when the ground is not N ﬂbﬁc
RGNS,
particularly frost-susceptible. This is also the case with foundations for X3 %&#
'levegger’ (shelter walls) and atrium walls, groundwall strips as in ‘open ?‘, 5,:

«""'::,:::“::1

0 l‘"l'q
v l:.:l'.'l:.
P

foundations' (Chapter 6), foundation walls with crawl spaces for unheated
buildings, foundations for small shacks, garages, etc.

Figures 129 to 131 show examples of frost protection of wall or
*strip' foundations. Table 29 gives the necessary width *b' of insulation
outside the foundation while Fig. 132 shows how a corner should be insulated.
The thicknesses of insulation and drainage layer are designed according to

Table 26 and its associated directions (usually using Floo)‘

)
Lol

TABLE 29 -
Necessary insulation width for protection of a be&ﬁﬁﬁ
foundation wall '95?40"
.41 ﬂ@

()
AR,
'."!'::

Maximum Freezing Index
hoc 10000 20000 30000 40000 50000 60000

it

Necessary insulation width b
on each side of foundation
wall in metres 0.50 0.75 1.00 1.50 2.00 2.50

This foundation method is thus appropriate when a foundation wall
is to be frost-protected, leaving the floor uninsulated or where a building
has a free-bearing insulated floor on groundwall strips bearing on
frost-susceptible so0il. In the latter case, insulation is required between
the strips and the underlying soil (Algaard, 1976).

Fig. 133 shows alternative treatments of a retaining wall. Where
part of the backfill material is frost-susceptible, a vertical insulation %?%gﬁ%;

b,
layer of thickness d is required behind the wall as well as a minimum
thickness of 100mm of drainage material. The extruded polystyrene insulation
('styrofoam’) under the wall need only be extended a reduced distance b

beyond the inner edge of the footing such that the sum of the breadth and

height from free air to the foundation is equal to the place's frost depth in

sand and gravel (from Fig. 8).
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Insulating 'point' foundations &'".r:.r :
QOO0
In the case of a cold building with an uninsulated floor, a i
v
‘point' or column foundation must be specially frost-protected. The same %1::.1:‘::,:
vy
applies to a heated or cold building with an ‘open' foundation (free-bearing ‘.“' ."E':."'
|; Q('
%, tar, ¢ L‘n‘
floor) on piers and to small unheated structures, such as shacks, with width
G
less than 4m. Column foundations or piers can be frost-protected as shown in ".“.“"
.\
Figs. 134 and 135. The 'Building Details' give Table 30 showing the distance h‘,l::'::l‘
Wiy
'p' the insulation must be extended outside the foundation area and around it. _
Py ‘.":"'1'
TABLE 30 ;\‘ 0 ::,.':
it
Necessary insulation width for protection of a column "t'lsz‘:f.‘_
foundation VR
‘ ®
Maximum Freezing Index "ﬁ::«'.""c;“,
hoc 10000 20000 30006 40000 S0000 60000 .;-.‘,ﬁ“.::;.
AONG
|l"5 0
Necessary insulation width k::::‘:.::::i}
b outside foundation in "'l': t':‘;"
metres 0.75 1.10 1.50 2.25 3.00 3.75
S, o
|"::l'.‘o:‘-
The width and thickness of insulation and the thickness of drainage layer are :'4‘::0';
A0
8. 00 08 b1,
designed according to Table 26 and associated guidelines. As compared with o i
. e :.:‘:"H‘ﬁ
Table 29 for strip foundations, Table 30 specifies 50% more insulation width :.“::ﬁ.o‘&
6| .(!
owing to the small amount of 'soil heat' stored under column insulation as ::;:"tc. $
-‘,“ﬁ s',o
compared to heat loss along the periphery of a column foundation. Frost
™~ LXK
™
N
protection of column foundations requires disproportionately more insulation, :"'::‘:?‘:.‘:
TR0
4 A}
especially in colder regions. It often pays to frost protect a column or row 'l::‘l:::«:
o, (R
YAt
of columns with a continuous horizontal insulation area as for wall Q
".lgi
0"&"'
foundations. :..:::.:::.:::,::
Nttt
MU G
The minimum thickness of ‘*styrofoam' insulation can be found from :::":?::q:::o:
L ":'1\‘:‘
Fig. 136. Floo is used for permanent structures but, for less critical L 4
\9:‘:{0‘;':
structures, a smaller insulation thickness may be used corresponding to a .t‘;‘,g}__f!
R,
lower F . DATHTENS
d ‘i(?’f'::'
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5.3.3 Cold part or projection of a structure

Cold parts of, or adjuncts to, heated structures require special
treatment, because of their tendency for differential movement (e.g.
Fig. 137). The cold part or adjunct can be allowed separate freedom of
movement or frost protected adequately.

The Swedish Building Standards SBN 80 specifies that, for part of
a construction outside an external wall, the foundation depth, applying to a
foundation with a crawl space or basement, should be increased by a distance
between the extremity of the part concerned and the outer face of the external
wall.

According to the Finnish guidelines, foundations for cold parts
or projections of an otherwise heated structure can be thermally insulated as
shown in Section A-A of Fig. 138. This can apply to cases such as a
foundation wall extension, an exterior staircase, a column supporting a
balcony, a porch, an unheated garage etc. The design Freezing Index is chosen
to be FSO as for 'cold' structures in Finland.

Insulation of the following auxiliary cold constructions is

described in the Norwegian 'Building Details' (A 521.811).

An exterior staircase for a basement

At an outside staircase for a basement, one should insulate under the
whole staircase and up along the staircase wall on the outside against earth
fill. There can additionally be horizontal insulation outside the top of the
staircase corner as shown in Fig. 139. The breadth 'b' of the insulation is
obtained from Table 29 and the thicknesses of the insulation and drainage

layer are designed according to Table 26.

The ground slope may be utilized instead of a staircase wall,

extending the insulation layer under the staircase base 1 m outside the base.
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An entrance_staircase

A foundation for an entrance staircase can be frost protected as
shown in Fig. 140, with an insulation width °'b' as given by Table 29. The E :1,“

thicknesses of the insulation and drainage layer are designed with the help of

| 5 X 23
::’;;
LARR S

Table 26. Such a ‘cold’' adjunct to a heated building must be suitably frost ‘."
protected if the adjunct is 'tied' to the building as in this illustration. \ t‘l‘c'.u‘
Closed-in entrance .

e
Fig. 141 shows frost protection of a closed-in entrance area. The |‘.:',i":::"'|’

5y Al =32

AR

width of insulation is obtained from Table 29, and the thicknesses of ,u‘t,v::,c‘,a
J
oy
LNt

SRR

insulation and drainage layer are designed using Table 26.

Pidaly

A garage ramp

At a pgarage entrance, the foundation must be frost protected as

oA

shown in Figs. 142 and 143. The insulation width 'b' is given in Table 29 and

is extended 1m beyond the garage door on each side. The thicknesses of the

P O}

insulation and drainage layer are designed according to Table 26. Beyond the

2%

end of the insulation, a marked swelling due to frost will appear in the

.

\‘.I

'&, ramp. This can be smoothed out by the use of, for example, a layer of loose ::::::

™ ’I‘.ﬁ

» : . it

light aggregate over a distance of a couple of metres beyond the insulation. i “:‘.:"x‘

Kt

'

E. The thickness of this layer should decrease uniformly from 200mm, for example, "

d

to zero. Alternatively the thickness of the insulation can be reduced. %, '::':25

R

: o
ay

:r'\-"

& 5.4 VARIABLE HEAT/COLD BUILDINGS P U
Orvog

For buildings that are only sporadically heated (assembly halls, " A

E’s cabins, outhouses, etc.) or that may later be permanently heated, the floor : ::‘0."0.'2

Rl

and foundation wall may be designed according to the requirements for floor : ®

KEXTRK

" temperature in the case of heated buildings. The connection between the floor :.:::a::;o',

Sainly

fnbe

g and foundation wall should not form a cold bridge and vertical insulation is ‘::::a::::ﬁ::

OO

(O SR

required on the outside or inside of a foundation wall. : "

> Ry

" Qrnsae
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Figs. l44a and 144b show design types that are suited both for
heated and cold buildings, giving acceptable floor temperatures in heated
buildings when the floor and foundation wall insulation are designed according
to Chapter 3. Fig. 1l44c is satisfactory with regard to frost penetration but
unsuitable for heated buildings without vertical foundation wall insulation.

Heating cables may be necessary as a supplement.

[ RARNER]
‘l'g'l‘ 'I'..n
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. 6. DESIGN WITH OPEN FOUNDATIONS .::"l::"o';
¥y Pe e

Foundations are considered ‘'open' when there is free air circulation ®

g under the building. This section considers open foundation design using ,“1:',:"'
) !

sy

: LA
groundwall strips, piles or piers. Open foundation methods involve little :::“o;:“:::'.s

ff

.l

g interference with the existing terrain and drainage provisions are N
’!‘l

- unnecessary. They can be wused with practically all terrain and ground »“_:}',,:
», Al W
e el
a conditions but are especially suitable in hilly ground (Fig. 145). The free gff’
s ,

' distance between the ground and the building's floor structure should be at »
- il
least 300 mm. At the entrance to a building, water and sewer pipes must be W

.C":l

¢

& frost-free ('Building Details' A 521.304). "‘l‘ A
* B
$.9°9.¥

aﬂ

6.1 BACKGROUND FROM FROST I JORD PROJECT (Torgersen, 1976)
There is no special problem from moisture under the floor structure (wood

frame) of a basement but the floor should be insulated especially well. The

i
';:: recommended U-values for the floor structure are shown in Fig. 146 to give a :_ ‘:
surface temperature of the floor equal to 17.5°C. They depend on a design :.li';::

ﬁ outside temperature equal to the lowest average temperature in a three day :’::
v period, i.e., the lowest average temperature for three successive days found .g‘:‘:'::;::
b from meteorological data in a 30-year period. '::::?;
F' The foundation should be extended to the minimum frost-free depth or to ’ '.':"
.‘ bedrock if it is not placed on insulation according to the directions given in .'.‘:.::j'
t; Chapter 5. The foundation should be protected against frost uplift due to '2::3
sidegrip and the building's side stability should be checked. vl .

6.1.1 Frost damage : :N'

In frost-susceptible so0il there are two possible causes of frost damage g:‘-t:

with open foundations, i.e. frost under the foundation and sidegrip (Fig. 147). \:;}Q"'.

Frost under the foundation ;'E:‘;:Essggi:é

Frost penetrates under the foundation and the ice lenses formed exert :;.:;:.:’3\:;':53

gty

upward heave forces. As mentioned this can be prevented by placing insulation ‘l.‘“.

under the foundation or by extending the foundation to the frost-free depth.
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Sidegrip

Although there may be no frost under the foundation, soil can freeze
firmly on the foundation's side surface and this sidegrip gives a lifting
force. If this force is greater than the load from the building, the
foundation must be anchored under the frost zone. The anchoring can be
achieved by expanding the cross-sectional area of the foundation with a larger
footing under the frost zone (in the case of a groundwall strip or pier,
Fig. 148). It is also possible to extend the foundation under the frost zone
so that friction between the foundation and the soil gives sufficient
anchoring (in the case of a pile). Also the sidegrip can in certain cases be
reduced by coating the side surface in the frost zone with bitumen or epoxy.

Lifting forces from sidegrip increase with the Freezing Index but not
proportionally. The maximum lifting force acts in the period when the outside
temperature is decreasing most rapidly. The force usually increases with
increasing diameter of pier and frost depth but there 1is no direct
proportionality. The maximum lifting force does not necessarily act when the
frost depth is a maximum.

Based on the report of Andresen (1975), Table 16 gives guidelines for
the lifting force from sidegrip on piles or piers in dry crust clay. The
values represent the lifting force in KN per pile or pier (or KN per metre of
concrete wall) depending on the design Freezing Index which in Norway is
chosen as Floo’ In a silt soil the lifting force is estimated to be about
half the given values for a Freezing Index of 10000h°c and one third for a
Freezing Index of 50000h°C. With use of a coating of bitumen (at least 2mm)
or epoxy on the pile or pier, the values in Table 16 may be reduced by 40% if
there is dry material in the frost zone. For silt soils it is doubtful

whether bitumen protection has some effect because of the large rate of heave

and epoxy should be used in such a case.
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6.1.2 Groundwall strips Ly
N
Groundwall strips are well suited where the ground is not ol ‘
3 frost-susceptible. A house or building is founded on groundwall strips under ‘;:l."
o %)) ¢!
the load-bearing walls along its longer side (Fig. 149). On firm ground that by .:.:u"
K l't'l.c
s i
ﬁ is not frost-susceptible, the groundwall strips are extended 0.3-0.5m under A
[
Sl )
N the ground. ) "
N . . :":"". ::- d
In frost-susceptible soil the strips must be placed on insulation N
N
! (designed according to Tables 26 and 29) at a depth of 0.3-0.4m or extended \
down to the frost-free depth (or to rock). In the latter case the foundation ‘.;“,'n::";
BN
[ Ae]
$ must be anchored against sidegrip when the lifting force is greater than the ': ‘::r"'n
TN
it 4] 'I‘.'l' "l‘,
load from the building. It could then be more advantageous to use piers or :‘-‘!l:'!'h':'
E: piles. r:_:'s' ;
- Val c‘.’f
[y ¥ ..“
. 6.1.3 Piles hobeh
¥ R
’ '
) Bored piles can be used instead of piers. Boring can be done quickly DA
o
-:; and cheaply with a special boring rig in cohesive soil without large stones. :&E‘* i»
~ o~ }
L] “' ‘
It is possible to bore in frozen ground in winter and the piles can be cast in i.gi o
g
,-.. f‘ N, (]
i place. ‘.. . '?:'.:.
. Driven piles for a small house are generally costly and seldom used. !:;:::::::m'
‘l'.'c':‘d.'
f‘b.‘ However in certain cases where the depth to bearing ground was larger than .:::.:::::“:E
U TR
[ AXY
3-4 m, driven piles were used instead of piers. g""“"
L)
¢, .
Piles must be anchored against 1lifting forces arising from frost :‘,;‘.::
.QQ'I ‘l
. WA
.j' sidegrip. It is usual to extend piles to such a distance below the frost-free ‘::‘.:‘.:::',:
¢ Wt
l..l
depth that friction between the pile and surrounding soil gives sufficient \-:Q'-'
|
o . ey . . . ran
» anchoring. The reduced lifting force is determined by subtracting the load ,{: o

()

..v carried by the pile from the lifting force. Table 31 gives values of friction .l::{'::.:"
'y . .Q 1 )
N Nt
in different soils for calculating the anchoring effect. The reduced lifting U

Log8 g
SN

force divided by the friction and the pile's circumference gives the necessary ety

anchoring length under the frost-free depth. o':'ﬂ("’a‘.‘
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TABLE 31.

Friction between a pile and the
under the frost zone.

(z is given in metres)

(from Torgersen, 1976).

2
Soil Friction kN/m
Very wet clay 50 - 125
wet clay 125 - 250

medium stiff clay
to dry crust clay

[V
[§]]
[w]

silt (frost-susceptible
friction material) 40(z)
(Z i% shoun in sketeh)
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6.1.4 Piers

Each pier should carry approximately the same load from the house. A
pier can be cast in place or a prefabricated pier placed in an excavated hole
that is later backfilled. To get a good anchoring effect, material that can
be well compacted should be used as backfill, e.g., dry crust, sand, gravel or
moraine material.

A pier's footing must be so large that its share of the load from the
house can be conveyed to the underlying ground without the allowable bearing
pressure being exceeded. The self weight of the pier should be included in
the pier load. Using this and the allowable bearing pressure of the ground,
the pier dimension b can be found from Fig. 150.

If the ground is frost-susceptible, one must then check that the pier
is not lifted by sidegrip. The appropriate value for the lifting force is
obtained from Table 16 and this is reduced by the total pier load. Fig. 151
may then be used to determine the necessary footing area depending on the
locality's maximum frost penetration and the reduced lifting force.

Apart from increasing the footing area, other measures that can be
taken in designing against sidegrip are:

(1) to smear the pier with bitumen or epoxy to decrease the lifting

force,

(2) to reduce the number of piers so that a pier's share of the total

load increases and this also requires a larger footing area.

As the pier is anchored against sidegrip, it has to withstand a tensile
force equivalent to the reduced 1lifting force. The pier reinforcement is
anchored in the footing. The latter is designed for a uniformly distributed
stress equivalent to the reduced lifting force divided by the footing area
(minus the pier's cross-section) giving the necessary reinforcement in the
footing's upper edge. Reinforcement is also necessary at the bottom edge of

the footing to take the uniformly distributed bearing pressure.
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o 6.2 'BUILDING DETAILS' GUIDELINES FOR CONCRETE PIERS :‘;,-:';:
A Faindn
The Norwegian 'Building Details’ (A 521.304) shows mainly »
"."\( y
o cast-in-place piers but also applies in principle to prefabricated piers. .-\';'*-::‘E )
' POSATS
Col

Practical details RN

The hole for the pier and optional footing foundation must be dug down P

Nty
. to rock or other ground with good bearing capacity at frost-free depth. The _“_.—‘-,,-‘-,.
: side stability of a pier depends on proper compaction of the backfill material ::'.-:::“':;
Se N

around it. In the case where frost-susceptible soil exists giving sidegrip, "
Ul .|

it is particularly important that the backfill material over the pier footing .
y
L)
is well compacted (Fig. 152). This necessitates the use of crushed rock, "\S'.A

2%

sand, gravel, etc.

R

In frost-susceptible soil, the ‘Building Details' specifies that a

Tl
f”-.‘f-.:o

o
-
=

lubricating coat at least 3mm thick should be applied on a pier’s surface

%
'l

2

under the ground down to the frost-free depth. This coat can consist of '
" AN
NS
E: bitumen with a penetration of 80-100 or of epoxy resin-paint. The latter '?_:’_::‘_
RS
- should be used in silty soil. The long term effect of such lubrication 1is :'."-:"::"'
\ NN
. o N
little known. 3 -
YA
E- On flat sites the ground under the house should be elevated in relation "f_:f:.;v
- el
A LR
- L] 4 *.
to the outside level and a grade should be formed sloping away from the house :-PISE:;:
I A
» S e
.!lﬂ
E to lead surface water away (Fig. 153). Py
_ _ A,
. Wind load on the house must be transferred to the ground. This requires NI
| Pl
' g A
~ the floor structure and walls to be anchored to the beams that are in turn -:t-;{s:.:’
LRI
P anchored to the piers and footings. (Fig. 154).
T
Design
e
e Load distribution over the pier depends on the distance between the
»
piers, the distance between the pier rows and whether the structure on top is
P
» free-bearing or nct. The distance between piers should be so large that the
s ground pressure is allowable and reasonable beam dimensions are obtained.

Placing piers under bearing walls as shown in Fig. 155 gives approximately the

same load in each pier.
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For design against sidegrip, Table 32 1is proposed by the
'Building Details' to obtain the necessary size of a pier footing. The design
load is the ‘'specific load', i.e., the load carried by a pier including its
self-weight. Table 32 applies to piers with diameter of 350mm and less. It
gives the width for a square footing in metres.

In addition a footing must be designed to take the net upward force
that is equivalent to the difference between the upward force on the unloaded
pier and the apparent specific load of the pier. The pier must also be
designed for such a tensile force.

If the pier is smeared with bitumen or epoxy, the values in Table 32

for the lifting force from sidegrip on the unloaded pier are divided by 2.

Example of design with Table 32

Without lubricant coating on pier

F = 30000 h°C

Specific load = 30 KN gives a pier footing 0.85m x 0.85m (Table 32),
and a lifting force on the unloaded pier of 80 KN

Net lifting force = 80 - 30 = 50 KN

With lubricant
F = 30000 h°C
Specific load = 30 KN
Lifting force from sidegrip is halved = 80/2 = 40 KN
Net upward force becomes 40 - 30 = 10 KN
This equals a specific load of 70 KN without lubricant because the
net upward force is 80 - 70 = 10 KN (Table 32 applies to piers without
lubricant)
F = 30000 hOC, specific load = 70 XN giving a footing of
0.50 m x 0.50 m (Table 32).
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s
TABLE 32
Necessary size in metres of square
pier footing for anchoring
against frost sidegrip
Desisn | Frest- t Lifting e
Fecerimg Gree f."g.r SYcuhc load kn
Unia

In 'lt)‘ Deoth column |
n'C i m kN | o 10 20 30 40 50 60 70 80 $0
10 000 & 1.0 | 30 | 0.85 0.70 055
20 C00 15 | &0 | 1.00 0.95 0.85 0,75 0.65 0.50
0000 |20 [ 30 | 105 1.00 0.5 0.85 0.80 0.70 0.80 0.50
10000 | 2.5 i 30 | 100 0.95 0.95 0.8s 0.80 0.75 0.50 a.55 0.50
50000 | 2.0 100 | 1.00 0.95 0.90 0.85 080 . 075 0.70 0.60 9.55 0.4§

(from "Building Details’, A 521.304)
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7. FROST PROTECTION DURING WINTER CONSTRUCTION
INTRODUCTION

For economic and other reasons, building operations cannot be

limited to the summer half of the year. Construction needs to take place over
the winter period in spite of the considerable extra cost owing to snow
clearance, the need to thaw frozen scil, frost protection of building ground
and construction, heating of concrete, etc. A log book should be kept noting
each working day's highest and lowest temperature, precipitation and any frost
protection that has been carried out or changed (Eriksson et al, 1985).

Winter construction entails the most severe problems because
there 1is no heat contribution from the inside of a building and the
construction is ‘'open' and exposed to the climate. Most frost damages have
occurred in the building period and frost protection of foundations during
this period is essential to hinder frost heave in the building ground and
under the floor and foundations of a building. Structures with vertical walls
(e.g., basement wall, buttressed wall, etc.) can be damaged from horizontal
frost forces and the soil directly outside these must be kept free from
horizontally advancing frost (Fig. 156). It is also necessary to limit frost
penetration in excavated and fill material. Fill should not be mixed with
snow and ice lumps since these can melt later and lead to large settlement.

If the building ground is frost-susceptible and the construction
can be damaged by frost,then the ground under the construction must be kept
frost free to prevent damage from frost heave or from settlement after frozen
soil melts. To protect against frost damage one possible measure is to
replace frost-susceptible soil with material that is not frost-susceptible
but this could be costly and is feasible if there is also another motivation
such as having to backfill behind walls. The common protection measure is to
reduce the 'frost load' on the ground and the construction by covering with

insulation. This may be combined with an artificial heat supply if

economically justified.
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! An insulated floor will often be able to prevent frost in the Y
]
underlying frost-susceptible soil, especially in a relatively mild area but in "ﬁﬁ:;
I‘. \:
; . ~
colder regions insulation of the floor and foundation wall have to be %E?k \&
: \
Lttty
increased. Also, depending on the climate, horizontal ground insulation may NN,
! [ ]
have to be laid under a foundation wall and up to a certain distance outside Sfﬁf\ v
LK
X
. G, g
it. N ﬂ:.
O
A slab-on-grade that 1is adequately insulated with ground ﬁ\ }i;
insulation under and outside a foundation wall and that is built before frost dhg;"?
, A
1 comes, can spend the winter without other special frost protection measures :}‘ uﬁ
. . . Ay,
such that construction can continue at any time in the winter half of the \t.-ﬁ
' L]
» year. It often requires only a relatively small increase in insulation to u',.:f,::?,:.'.d‘:
L]

X
. ."

\J
give frost protection in the construction period. Frost protection of a floor 5qh#q
Al

") 5
) :'1::';‘:.\:.:0:
and foundation wall based on insulation and cover on the top side of the floor MRER

increases the cost and is not very suitable when the building is being built,

i.e., if the construction is in progress ('Building Details' A 521.111).

7.2 DESIGN FREEZING INDEX
One is usually concerned with frost protection for one winter
P season or perhaps part of a season. 'Cold' constructions that must be
protected for more than a couple of winters require insulation as for
permanently unheated buildings (Chapter 5).

The design Freezing Index, F is less than for a permanent

d’

i structure and can vary considerably depending on the protection objective and

A

o
A

the consequences of underdesign. Generally frost protection of foundations y :m*
a0

[\ O O t!:i""
and stiff floor constructions requires a larger safety factor than frost gt

TN O
! protection of excavated and fill materials. For foundations and }\ﬂsemhq
'slab-on-grade', F, is chosen as F_ but can be increased to F if the Y,

d 5 10 AN

: R
consequences of possible frost heave are larger. Possible snow during v °
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construction can give considerable extra safety. Under exceptional conditions : '

o
Fz can be used, e.g., when the consequences of frost heave are small or the '."""

X,

s0il is only a little frost-susceptible. .'-
¥
If frost protection is to take place only for part of a winter, ®

Fd can be chosen to equal the Freezing Index over that actual period. This C" >

Bt

has to be estimated for a particular locality and one should allow for a \‘.::‘.'a:

W
three week uncertainty as to the beginning or end of the frost season. The , -'

- "'\‘
partial design Freezing Index is estimated from Fig. 157 or similar. \- ‘.‘:

~
- N '.ﬂ:
2
*y |!|‘I .‘

P

Y
!

7.3 NECESSARY THERMAL INSULATION

Foundations and groundwalls must be adequately insulated if MY

backfilling is not carried out right away. Basement walls and other vertical

!

boundaries against soil can also be strongly exposed to frost damage in the - .
iy
:: building period and should be frost protected. $§::::.:::.
" ot fany!
A UYL ]
Frost I Jord project ..'.;;'.:c:'."t:g

L)
v, AN
i According to the Frost I Jord project (Algaard 1976) the problem can = .
TR RN
Pttt
be tackled in two ways: "‘:ﬂ‘h ¥
\ ‘..'f
,S‘ “"l‘_
Ay (1) the construction 1is covered with the necessary additional }',:-‘ :::
" 4

O ! .x“\}-
E insulation no later than the beginning of the frost season. °
i,
(2) the construction is carried out with a sufficiently thick general . '.::.':.:
. .t'|l‘ ‘J
» 0 &
g',: insulation layer. .“':::“i.;
K .'e‘.'~'

In each procedure all sections of the construction must be checked so that the ®
¥ Reve
» thermal resistance R of the insulation is everywhere larger than the necessary \::t.:’,:::’
N
i‘..l‘.:l%l\
e thermal resistance R . If the construction is provided with an inbuilt ":q::t::::.:}
o LGk
insulation layer (i.e. as a fixed component) placed a sufficient time before ®
, o
E: the frost season starts, R can be found by the same method as for unheated ,::“.s:",,!::.
‘.'|“.'Q“‘ ¢
AR AR
buildings from Table 24 depending on F 4’ MAT and the thickness of .a':.:t“:;c:.'l'-
3 NI
Ut
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the underlying drainage layer. If this thickness varies at different
sections, one must take that into account to achieve the minimum thermal
resistance required.

If a construction is not adequately insulated and 1is to be
covered with insulation when winter begins, some of the heat content in the
soil would already have been lost and the insulation requirement to hinder
frost penetration becomes somewhat larger than otherwise. Ro values are
then determined from Table 33 depending on Fd, MAT and the allowable frost
depth in the underlying layer.

For an insulated foundation and floor construction, the
additional insulation AR necessary for winter cover is found by subtracting
the existing thermal resistance Re from the necessary value Ro:

AR = R —Re mZK/W

One should be specially aware that a foundation wall and floor
are often planned with different thermal resistances Re and that Re also
can vary for different parts of the floor. The winter covering must then be
adjusted such that the sum of the effective thermal resistances is always
larger or equal to the necessary Ro from Table 24 or Table 33.

In the case of a construction consisting of both insulated and
uninsulated areas against frost-susceptible soil, the winter cover for its
uninsulated part should as a rule be determined on the basis of the Ro value
from Table 33.

Floors and foundations for heated buildings are designed to have a
certain border insulation along the foundation wall and a certain floor
insulation for the outer and inner fields of the floor (Chapter 3). The

inside part of the floor can be uninsulated but it is usually given the same

insulation as the outer or inner field. In colder regions, a foundation
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TABLE 33.
Necessary thermal resistance R0 with frost
insulation for winter covering of uninsulated
construction and building ground. The table
assumes that the insulation is placed no later than
the beginning of the frost season.

Design Freezing Trdex £ 27C | 10 coo 20 000 30 000 40 000

T T T * ‘ 46| 10| 20| 3-4

Mean Anaual Temperature C | ) | 1o 20] 30] 4710 [ 20 ] 30] [1o]20]

P A " l , . . 1

! Qe I Tasulations minimum thermal resistance Rg.m WIW

<o frosY degth

e m i

P CLAY,SILT 0.1 1o 25 22 20 18 |38 35 33 30 }- - SO

i 3 4 12 11 10 | 24 20 .7 15 135 32 30

b o, = 1500 kgim’) 03 | 0.6 p. 2 2229

| o = 20%) 03 ! 0.3 09 0.7 06 [o LY 1.4 1.2 1.1 1.0 2.0 . .

: B -« N i -

P SAND, GRAVEL a1 ] 1.5 39 32 28 25 |60 48 «;3 ;'g _ 48 40

| 1py = 1700 kg/m’) 0.3 1.0 28 23 0 18 (a5 35 3 S las 18 10

I = 8% 0.5 0os | 22 15 13 12 33 27 Z : . 0

(from Algaard, 1976)
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wall must additionally be frost protected with horizontal outside ground
\ insulation if a reduced foundation depth is to be used. Such a slab-on-grade
construction that is exposed to frost in the building period should be
designed against frost penetration and frost heave during this period:

(1) The necessary thermal resistance Ro is found from Table 24 for
the insulated part of the floor and for the foundation wall. If
large parts of the floor are uninsulated, Table 33 is used for
these.

(2) The necessary width of insulation outside the floor and that
outside the foundation wall are determined from Table 28 and
Table 29 respectively.

o (3) The difference AR between the necessary thermal resistance Ro

and the existing thermal resistance Re is calculated for all

N

R Ay

) sections. »al Q%
:-:h.\“ 3

(4) The necessary type and thickness of the additional insulation is SN,

determined according to the AR required.
If it is likely that the foundation and floor construction will
d remain unheated over the winter, it is often cheaper to design them so that

winter cover becomes unnecessary. This requires that:

(1) the insulation in the floor and with the foundation provides

" everywhere a thermal resistance at least equal to Ro from
Table 24. ERERE LT
‘g8 . . s ";’
~ (2) the insulation is continuous in the floor and over/under the '\} ,
. R
foundation extending a distance 'b' outside the outer edge of the ﬁ#
’
construction (according to Table 28, 29 or 30 depending on the -'
J a0
1 type of foundation ). ‘:;:::,:&:..
OOONAONY
OO0 0 AN
: If the second requirement is fulfilled, the thermal resistance as required in \%E&g&&
; RN

the use situation for the foundation wall and floor (according to Chapter 3) ®
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will be sufficient to fulfill the first requirement for the greatest part of
Norway. This is because, among other things, the design Freezing Index for
frost protection in the building period (F5 or E&O) is lower than for the

use situation (FIOO)'

Compared with insulation under a concrete slab of a building, for
example, special care 1is required to protect a separate insulation used as
winter cover which could otherwise be ruined. 1In planning a construction it
is important, therefore, that thought be given to conditions during winter
building. It can be more economical to lay in extra insulation permanently in
the structure in preference to using separate winter cover with its attendant
trouble and risk.

There is often a high cost of making up 'winter material' for
covering floors and foundations. 1In Norway there is a good supply of natural
insulation materials that can give reasonable frost protection such as straw,
chips, etc., but these materials are bulky and need later to be removed. Snow
cover gives an uncertain frost protection and should only be used outside the

foundation and floor.

Finnish guidelines (1987)

In Finland the guidelines propose Table 34 for determining the
necessary thermal resistance Ro of ground insulation to be applied for
protection of a construction. This insulation must be applied no later than
the beginning of the frost period and it depends on the design Freezing Index,
the Mean Annual Temperature and the allowable frost penetration in the
particular soil type below the insulation. Table 34 is based on the Frost I
Jord project (Table 33) with extra values added for Finnish conditions
corresponding to a Freezing Index of 50000 hOC. Another difference is that
the Finnish Table recommends an increase in the foundation depth where there

is a cross or bracket.
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TABLEZ 34

resistance of insulation

Thermal
for protection of buillding ground
(It {s assumed that the insulation
is placed no later than the start
of the frost seascn).
| |
A ooco } 2000 r ceco f +600 :xam

-1 .; H
MAT C f.»z'.‘.’,‘iﬂ(‘z'—sfz-‘

Lol alabda b bl [

i IA - .
fs“' ; Fredt 1 crqund miyvlabion's Tharmal retistance R mix/u
! i J'\('kml
| clay|_ 31 | i3 1231220231551 33] 351 33130 x | x (S0 x |
Y TGS T 95 Tiepiali 181290 20] 171551 5.5 1 30 3.0 jS.0)¢2 8)
Soml 02 103 oslorlosas il 12l 1150|2818 1181228127 ]
[5aas i 0% i 15 §23032022025] x (¢80 (3740 x | z [ x | x | x |
R 2302312000502 25 30023 x [(4@i<0] x| x !
':} f05 165 rezihsinstialaataria2iaokes) aa 300 x (5o
X foundation depth should be increased
() in general, increase of foundation depth

is more profitable,

(Finnish guidelines, 1987)
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Norwegian 'Building Details’

The 'Building Details®' (A 521.111) specify frost protection by
thermal insulation and optionally an wunderlying layer of free-draining
material. Under the floor construction there should always be a layer of
draining material of at least 100mm. In practice a considerably thicker layer
is often used.

Fig. 158 shows the necessary thickness if the insulation used is
expanded polystyrene with a density of 3Ol(g/m3 and a thermal conductivity of
0.045W/mK. This aplies to a foundation such as shown in Fig. 159. For
extruded polystyrene the given thickness should be multiplied by 0.73 and for
mineral wool by 1.45. A board of mineral wool must be laid on a permeable
underlayer and must not be laid under the foundation wall or other parts of
the foundation.

The insulation thickness in Fig. 158 can be reduced if there is a
drainage layer of sand, gravel or crushed stone under the construction. This
can be considered to justify an approximate reduction of 10mm of expanded
polystyrene per 100mm of drainage layer. Fig. 159 shows the inter-related
thicknesses of insulation (t) and drainage layer (d) at different places in
the construction. The necessary width, 'b', of the ground insulation outside

the foundation wall, shown in Fig. 159, is given in Table 35.

TABLE 35

Necessary insulation width (b) outside the foundation wall

Design
Freezing Index hOC 10000 20000 30000 40000 50000 60000

Necessary insulation width
outside the foundation wall
b. in metres 0.50 0.75 1.00 1.25 1.50 1.50
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- 7.4 SOME PRACTICAL MEASURES (Thue, 1972) . —..
[LSUNE,
.:'. It is generally more favorable to proceed with both digging and :}‘:
LA RN

% - A
foundation work before the frost period and then arrange for effective g;:: N

v,

i covering until the construction work is taken up again. Once a basement wall .
Ny

o has been finished, it should be protected against sidegrip, horizontal frost -_‘:\::‘,

~ P
A BN
i“ forces and freezing under the foundation. 1In general it will be necessary to fN:":
b A 4
P Ay

' insulate the basement floor either with loose, laid-on insulation or with )
. aetde!
insulation built in the floor. If one is not going to backfill outside the “,p\
1" Py ; '
..:"_- wall, insulation must be placed at the back of the wall. o 'q'::
-l SRV,
A point that is often overlooked is that a concrete structure in
t .

E R
o soil with a high section exposed to the outside air, will act as a strong cold “&f";
- bridge. This could lead to the formation of ice lenses (with consequent '.:J'C‘..r‘
- .f\ﬁ "
M . . 0
heave) locally under a basement wall, for example, in spite of the 3 )

- :J v. -
ﬁ"- construction being otherwise very well insulated. The effect of cold bridges \::i‘-:
"- (“.‘n ()
. . ey s SO
can be eliminated by covering the wall or by bringing heat in to the critical X ‘.:5'
' zone. It would also be advantageous to draw the floor insulation some . Sprs—ag
RSy

i distance over the wall. '\tﬁ:
e R
' In the case of foundations at a reduced depth, the danger from .)A\v:h y
»
“o ]
” sidegrip is small, but the risk from under-freezing is correspondingly large. '.
;W 3 d
. A
Such constructions, especially a slab-on-grade, can be protected relatively n’.\ Al
=y ] (]
. !“
Q", easily by means of thermal insulation and possibly an artificial heat supply . 'l'.:
A ol
as well. If heating cables are used to supply extra heat, they can either be *

S QW
Z‘J' N

laid loosely under the insulation (and used again on another occasion) or cast

S
=

(

; near the bottom of the foundation where the heat supply is most necessary. $::.‘
- OO
The slab-on-grade design shown in Fig. 160 has the advantage that * .

the insulation gives protection during the whole of the construction period n

and continues to be used after the house is occupied. One must, of course, use ::"';'t’u]
(]

™Y YYe

)

'(‘f'.f.
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insulation material that can withstand the loading from the foundation wall.

The insulation must be extended outside the foundation wall and a cold bridge
near the foundation-wall/floor/outer-wall connections must not be allowed to
form.

Piers are usually taken down below the frost-free depth and built
quickly. So there will seldom be problems with them in theory in the
construction period if one backfills around them as quickly as possible
(Fig. 161).

The materials used for covering the construction are generally
mechanically weak and can be damaged by people and machines. The building
site and protection measures utilized must be managed properly and additional
protection supplied according to requirements to guarantee a sufficient safety
factor. In particular the measures should be adjusted to the local climate

and based on practical experience.

7.5 FROST PROTECTION OF BUILDING GROUND
Frost protection of building ground is carried out by use of

insulation on the ground to keep it wholly or partly frost-free until

excavation and/or building work can be carried out. Insulation hinders the
loss of 'soil heat' and thus 1limits frost penetration. The allowable
thickness of the frozen soil layer depends on the digging equipment. For

equipment worked by hand the frozen material should not be thicker than 0.1 m,

while with a digging machine the frozen layer can be 0.2 to 0.3 m thick.

Frost I Jord Project

The effect of insulation on frost penetration in the ground can be
judged from the results of a computer analysis of the heat flow conditions
(Thue, 1972). The calculations were done for the cold Oslo winter of 1965/66

. . . . o .
assuming a silt with a moisture content of 30%. The O C 1isotherm was

computed at 3 time points i.e. January 20, February 9 and March 1 1966.
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Fig. 162 represents the case of undisturbed ground with no insulation on it.
Fig. 163 shows the considerable improvement in conditions when an insulation
strip 9.20m wide is placed on the surface, with a thickness of 50mm and a
thermal conductivity of 0.046W/mK. The result is a reduction in frost depth
from about 1.0m to about 0.3-0.4m. It is also seen that the ground should be
insulated about 1.0m outside the area it is desired to keep frost-free.

If the insulation thickness is increased from 50 to 100mm as in
Fig. 164, there is only a small additional reduction in the frost depth. The
analysis also showed that it is important to maintain the protection as long
as possible while the winter work is going on, because removing the insulation
results in a rapid frost penetration.

The necessary thermal resistance Ro of insulation cover can be
determined from Table 33 according to the design Freezing Index and the Mean
Annual Temperature. If the objective is to hinder frost heave, one calculates
on the basis of a permitted frost penetration of about 0.1lm down into
frost-susceptible soil. 1In this case the first line in Table 33 corresponding
to °'CLAY, SILT' is used, the insulation lying directly on the ground. If a
layer of frost-protecting material is to be placed between the insulation and
the ground underneath, Ro can be found from the section of Table 33
corresponding to 'SAND, GRAVEL' using the ‘Allowable frost depth' as the
effective layer thickness plus 0.2-0.3m (Algaard, 1976).

If the objective is to hinder too thick a frost layer, one uses the
Ro value from Table 33 as read to the right of the frost depth that can be
allowed in the actual soil. There may be large variations in the effective
frost depth, and if there is a possibility of larger frost penetration than

assumed, the insulation amount should be increased.
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In order to get a frost layer that is thin enough to break with usual
hand equipment, about 0.1m, one must choose the highest line for each soil
type in Table 33. If heavy digging equipment is available, the frost layer

thickness can be 0.3m and Ro becomes less.

Norwegian 'Building Details' (A 513.121)

In insulating ground before carrying out foundation work, the
insulation thickness should be chosen so that the ground stays frost-free as
much as possible. If the ground is not insulated, or is very badly insulated,
the frozen soil layer can become so thick that special methods must be used if
digging is to be done in the winter half of the year. These include boring
and blasting, ripping up, use of ice breakers and thawing procedures.

Insulation must be laid out on the ground before the frost season
begins, preferably before the daily average temperature stays, on the average,
lower than the local Mean Annual Temperature. Otherwise frost would draw out
a large amount of the available soil heat.

It is very important that ground operations are well planned so that
the required protection is obtained. The insulated area must be closed to
traffic so that the insulation is not damaged or comes out of place. The
insulation must be protected against being blown off and against cold air
blowing in. This can be accomplished by loading the insulation appropriately.

Table 36 gives values for the necessary insulation thickness of ‘'winter
material®' corresponding to various thicknesses of acceptable frozen crust.
The winter material consists of impregnated mineral wool encapsulated in
plastic foil. The foil holds the mineral wool in place and protects it
against moisture that can reduce 1its 1insulation effect. The material is
normally supplied in 30mm and 50mm thicknesses.

In place of winter material, loose dry straw may be used but with a

thickness 2 to 5 times as large as that required for winter material. If the
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TABLE 36.
Necessary insulation thickness with use
of winter material
Desiyn Freezing Tndex . noc | sooco | 10000 20 000 30 000 «0 000
Pace’s MeanAnavel Temp'C 7 3 2 1 s 3 2 1 3 2 1
Soil Fu?zen ceust Nt:tﬂar, bhickness of winker materia l*m-\
thickness m
Zend, qaydd| 01 20 50 80 90 100 130 120 140 - - - - -
0.3 i0 30 50 70 80 100 100 110 130 - 160~ -
0.5 10 20 50 50 80 80 80 8 100 130 120 150
E\ 0.1 20 50 ™ 80 @ 110 110 130 160 - - - -
silty 0.3 10 30 50 50 7 40 80 %0 110 150 - - -
movaine | 0.5 10 20 40 0 ¢ 60 60 70 80 100 100 126 170
clay 0.1 20 40 80 60 m 8o 100 110 120 140 170 200 -
clage a3 10 20 0 50 50 80 70 80 % 100 120 130
oraine 0.5 0 10 30 30 w0 0 50 50 60 60 70 80 90

Note: *Can consist of impregnated mineral wool encapsulated in plastic foil.

(from 'Building Details", A 513.121)
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straw is pressed together the thickness should be 6 to 10 times as large as
that of winter material. If other insulation material is used its thickness
is found by multiplying the thickness for winter material by the ratio between
the thermal conductivity of the used material and that of the ‘'winter
material' (0.04 W/mK).

In choosing the design Freezing 1Index, one must consider the
consequences of having a thicker frozen c¢rust under the insulation than
planned if the winter is colder than assumed. The insulation and its cover
should be extended 1.0 to 1.5 m beyond the area that is to be frost-protected
as shown in Fig. 165.

When excavating in insulated soil in winter, it is very important that
the insulation is removed just locally as digging continues. Otherwise there
is a risk that troublesome frozen earth forms while digging is in progress.
With digging in building ground one must also take care that the ground is not
exposed to frost so that frozen earth forms. The building excavation must
therefore be covered with insulating material after each digging operationm.
The excavated material that is to be used for backfilling later in the winter

should be covered similarly.
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; 8. RETAINING WALLS AND BRIDGE FOUNDATIONS
. 8.1 FROST FORCES ON WALLS
Y Theoretically lateral forces due to frost heave on retaining
walls can be enormous and this is confirmed by laboratory tests. However with
. these it is difficult to simulate various factors such as characteristics of
K the freezing front, variation of overburden pressure, rate of heat removal,
- soil consclidation and water flow (Andersland and Anderson, 1978). In
| practice it is found that lateral forces are usually much smaller.
For a given case the magnitude of the horizontal frost force on a
&E wall is difficult to ascertain and thus to allow for in design. Also it is

often difficult to separate forces due to frost action from other forces owing

iy

to ordinary earth pressure. Fig. 166 shows results of measurements of frost

> forces against different types of sheet piles and a proposal for design based :

K' ..':
on these observations (Eggestad, 1982). This design is based on limited data :

\l

LYy but it applies to frost forces whereas some other methods do not separate

A

between frost forces and other forces from earth pressure.

23

The following factors influence frost forces on sheet piles

S‘ (Eggestad, 1982):
i
The structure's stiffness

E* Under similar conditions of backfill material, Freezing Index and
; time lapse, a stiffer wall with internal steel reinforcement entails a
o)
i.' significantly larger frost force. This is because the stiffer wall would
F' provide a greater reaction against increasing thickness of ice lens formationm.
4 The_soil's firmness
it In principle the formation of an approximately vertical ice layer
) behind a wall changes the pressure build-up from the active condition through
9

i the 'at rest' state to the passive state (as a higher limit). Therefore a
? firmer soil would result in a larger force on the wall than a softer soil.
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Soil's frost-susceptibility ¢ g
ARG,
With regard to the soil's frost-susceptibility, two factors act ;‘;ﬁ: N
RN
iy
5
against each other. Thus a larger grain size, e.g., silt as compared with ji3h¢\f|
MY
clay, leads to a greater permeability and hence faster ice-layer formation. °
- ’ Y
This should give a larger frost force in a given period. On the other hand, DN
.:_.\-_,.:'J-:‘
- '-‘.
the maximum possible frost force is considerably less in a silt than in a :-}'{;':-‘:,',
)‘.:‘.,‘IP ‘
clay. It is uncertain which of these effects would dominate in practice. —
p 1) » gat
. : 0" 1"0“‘
Magnitude of Freezing Index .l.,..'.
; .l':
JOUTK]
If the possibility of deformation can be neglected, full frost A% :ﬂh“
Ty
‘. ‘ -l'-‘l..'
pressure would be obtained with a small Freezing Index. However there will, ) °
A
in practice, be some deformation in the structure and in the earth mass. The Bt ,\ }'
d
Aty
frost force against the structure will therefore be strongly dependent on the :" ’ﬁgﬁ
A ':l
Freezing Index. ) JL.‘
T PO
:W
A
8.2 DESIGN FOR FROST PROTECTION F\ 'c".::
o
e Fe ¥y,
As shown in Fig. 167 frost protection of retaining walls and '.?‘;
bty :l;..l‘
bridge foundations, against horizontal and vertical forces, may be carried out -: ~;$?
K ¢
» = ('
by wusing non-frost-susceptible backfill material and/or some insulation .\.i&%ﬁ
,“ ,:n 'Q‘g"l‘
OO
material such as extruded polystyrene. 1In this way the frost forces can be ) ®
Rl
avoided in practice. Also an important effect of granular fill material is to :' Qkﬁ?:
Rttty
' 1]
ensure good drainage and a low Ground Water Level. The required thickness h t \:‘c$"'
.'.!"
it
of frost-protecting granular layer depends on the design Freezing Index Fd. ) A
ey
Thus for a retaining wall with height less than 2.5m, the thickness h is . §‘l
0.“ 3
specified as hlo corresponding to Fd equal to Flo (Statens Vegvesen, ;
1980). For retaining walls with greater height, the thickness of the
frost-protecting layer is specified as hloo corresponding to FlOO' Values

of th and thO are tabulated for every district in Norway.
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Insulation may have to be used if there is not sufficient space
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behind a wall for the requisite thickness of non-frost-susceptible material.
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If a structure is to be insulated, it is often useful to attempt to sketch in N ,‘;N
n NN
(o) . . . . .
the 0 C isctherm location at successive times. This should give an idea of
»
rre

XA
v

,
5

., the type and direction of frost force acting. It is, however, difficult to

provide a standard recipe on frost protection of retaining wall and bridge
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foundations and each case generally requires specific evaluation (Pedersen,
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v For retaining walls the most suitable insulation is extruded

o,
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polystyrene with a minimum thickness of 45mm where the wall height is less
than 2.5m or 75mm thickness otherwise. Other possible insulation materials
are foamglass and 1light clinker (expanded clay) but these may be too
uneconomic for smaller walls while being suitable for bridge foundations
(Statens Vegvesen, 1980). 1In the case of a pile foundation, insulation is
placed over the foundation ensuring that the shortest route of frost to the

underside of the foundation is at least hlo (Fig. 168).

]

D For temporary sheet pile walls, use of insulation may not be the

simplest or cheapest method and local heating behind the sheet pile may be

more effective. With anchored sheet piles it may be necessary to relieve the

:-.'
v
& % ¥
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anchor stay as the frost force on the pile increases (Eggestad, 1982). For
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) specially sensitive conditions it is also a good idea to keep a check on the
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temperature and measure the force on a  back-anchored sheet pile

o
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(Eriksson et al 1985).

X
& L}

Y
S"\
XY

h T
-'ll’\'\

4
&

ol
e
- -

%
o LESENL

53




X = Ry

bl

ii

. . . T N . L AR
\ \ TR " TR @ ¥ s 4 W CVOVLW. WV WO o' et «‘

9. INSULATION PROPERTIES AND USE

Insulation has the effect of restricting heat flow across it and
thereby causing an appreciable temperature difference from one side to the
other (e.g., Fig. 169). Proper use of insulation materials with foundations
is important and this problem is still being tackled. 1In this connection the
early work on the performance of various insulation materials, carried out by
engineers concerned with Scandinavian railroads, was of great wvalue in
assessing the behavior of insulation under different conditions.
9.1 PROPERTIES AND USE CONDITIONS

Important properties of insulation used in frost protection are
its thermal conductivity, durability under use conditions, resistance to water
uptake and load-bearing capacity.

Properties of insulating materials used in Norway are given in
Table 37. The required insulation thickness can be determined from Fig. 170
depending on the material's thermal conductivity and the required thermal
resistance in use. Thermal conductivity increases with water uptake and to
prevent absorption of moisture, the material can be protected by a moisture
membrane. Also the ‘hickness of material should not be less than a given
value depending on type of insulation and where it is used. For example using
half the thickness of extruded polystyrene makes its moisture uptake potential
four times as great. To avoid uneconomic thicknesses certain limitations
should be placed on a material's moisture uptake in use. Under unfavorable
moisture conditions most insulation materials should be protected against
uptake.

Expanded polystyrene, in particular, 1is 1liable to take up
moisture during use leading to a reduction in its insulating effect. Extruded
polystyrene is more reliable in this respect and is therefore often used in
spite of being three times as costly as expanded polystyrene. With expanded

clay there could be a risk of convection but it can safely be used in heated

buildings (Saarelainen, 1986).
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TABLE 37 At

Insulating materials’density, compressive strength o
and thermal conductivity AFgiaty

Material Dry Compressive strength Thermal conductivity ‘:,-‘:f,'i
Density (5% deformation) in dry material ..-",.,":,.f
kg/m2 kN/m2 at - 5°C W/mK

Expanded clay ‘:,|;l“:
Bulk v.:tn:l.q't::‘.
Embedded in plastic 400 0.12 :0‘3::‘&:‘:{

Expanded poly- 20 100 LANCHN
styrene 30 150 0.033 ®
(Bead board) 40 250 TaANN

Styrofoam HI 40 350 e

Styrofoam RM 35 250 oY

Styrofoam HD 300 50-60 700 0.025 °

Styrodur 3000 30 300 'l;:,l;:"i;‘:,‘

Styrodur 4000 40 400 - v'.,:;.,:

Styrodur 5000 60 800 N ,;.’:"_‘:;.
It

Extruded polystyrene N '?-_.
N

Polyurethane 35 250 0.02-0.03 .,v::::'

Foamglass 125 450 i;.‘i.,;\:u‘-
135 600 0.047 ,"'.::;.;«

Mineral wool 40 18-30 (10%) 0.035
150-200 0.034-0.036

(from Saetersdal and Refsdal, 1986) : 1
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Use of mineral wool (e.g. 'Rockwool') can be expensive and there
is a tendency of this material to absorb moisture with consequent reduction in
its insulating effect. Under certain conditions, mineral wool can be easily
kept dry, for example when it is used at the wall of a heated structure where
the heat flow is from the inside to the outside and remains stationary
(Algaard, 1986).

Under an impervious concrete floor of a cold building, the
moisture content of wunderlying insulation changes with the season. The
conditions are similar to those occurring under a road with asphaltic
surface. On the other hand, under an 'open' floor of crushed stone or gravel,
moisture content decreases gradually and therefore moisture influence on
underlying insulation will be somewhat less than with an impervious floor.
This implies a less stringent limitation on the insulation’'s moisture uptake
in the case of an ‘'open' floor or cover. Various possible arrangements of
floor layers with insulation are shown in Fig. 171.

Moisture conditions with unheated floor and foundation follow
seasonal temperature and moisture variation. Conditions are different from
the situation under a floor in a heated building where heat flow is directed
downwards the whole year. Different values for thermal conductivity of the
same insulating material apply in those different use conditions.

The required service life is also an important factor. Thus if a
life of 100 years is required for extruded polystyrene used with a retaining
wall, as in Norway, the minimum insulation thickness would be 75mm (Statens
Vegvesen, 1980). For purposes of design one should consider laboratory
measurements of the thermal conductivity of the dry material and then estimate
how this can be expected to increase under the specific conditions of field
use. It is suggested that an estimate might be made of the time for the dry

material to pick up 20% moisture and the resulting reduction in insulation

effect (Refsdal, 1986).
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In Finland 50 years is considered as insulation design life and
possible insulation materials are polystyrene (extruded or expanded),
polyurethane, polyethylene, 1light gravel and mineral wool. The Finnish
guidelines (1987) give recommended thermal conductivity design values for
insulation in practical cases depending on type and density of the insulation
and use conditions (Figs. 172-175). For temporary use the thermal
conductivity is lower and assumed constant over time. With permanent use the
thermal conductivity increases, and the insulating effect decreases, if the
conditions of use are adverse. There are three boundary lines in each of
Figs. 172-175 representing 'good', 'average' and 'severe' conditions of use.

The relative insulating ability of other materials often used in
building construction is shown in Table 38 which gives the density and thermal
conductivity of these materials.

Ground insulation and its placement

Ground insulation should have a high resistance to vapor
diffusion and, in particular, should resist rotting and attack from acids in
the soil.

Care needs to be taken in installing and protecting ground
insulation as illustrated by the Finnish guidelines in Figs. 176 and 177.
Sand is placed in the foundation trench and can be compacted by vibration
(Fig. 176, diag. 2). Proper drainage below the foundation is essential and
the illustrations show a drainage pipe under the outside edge of the footing.
At corners 40% more insulation is required as shown in Fig. 176, diagram 6.
This can consist, for example, of 70mm thickness of insulation placed at a
corner compared to 50mm thickness along an outer wall. The extra amount is
applied over a distance of 1.5m from the corner. Diagrams 7 and 8 (Fig. 176)
show how sand, or other non-frost-susceptible material, should be placed above

and below ground insulation. There should be no digging or tampering with the
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TABLE 38
Properties of materials used
in building construction

Material Density Thermal
Kg/m3 conductivity at
10 9C W/mK
Concrete 1900-2300 1.5 - 2.5
Expanded concrete 400-650
Expanded clay blocks
above ground 650 0.20-0.24
under ground 650 0.25
Tiles 1700 0.7
Asphalt, hot mix 2100 1.0-1.5
Spruce, pine 500 0.15
Wallboard 400-600 0.12-0.14
Glass 2600 0.8
Snow: new 100 0.1
porous, dry 200 0.25
old 200--300 0.25

(from Saetersdal and Refsdal, 1986)
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soil outside the finished building because this could damage ground
insulation. Fig. 177 shows how ground insulation can be protected in certain
cases by means of a concrete slab (50 to 70mm thick), a sheet of asbestos

cement, water-resistant plywood or asphalt surfacing.

9.2 EXAMPLES OF INSULATION USE

The following examples are taken from Swedish practical
applications as recommended by insulation manfuacturers. Commonly used
insulation materials are polystyrene (extruded and expanded) and mineral
wool. Mineral wool can be rock fiber board or glass fiber board but the
latter is not used in contact with soil.

(a) Slab-on-grade construction

Fig. 178 shows use of insulation with two types of slab-on-grade
construction. Continuous insulation below, and along the inside or
outside, of the foundation wall is essential to prevent cold bridge
formation. Conventional slab insulation as shown in Fig. 179(a)
invites a cold bridge and is more difficult to construct than
continuous insulation as in Fig. 179(b). The latter also acts as a
more effective moisture barrier. It may be noted that mineral wool
is not used where the bearing pressure is high, i.e. under an edge or
> foundation wall.

Fig. 180 shows a concrete slab with overlying polystyrene
insulation and a foundation wall of light expanded clay aggregate
with ground insulation of mineral wool. Another recommended design
by a different manufacturer 1is illustrated in Fig. 181(a). This
shows two layers of extruded polystyrene placed between a concrete
' floor and an edge-expanded concrete slab. Underneath the slab there

is extruded polystyrene insulation which is extended externally
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to form ground insulation. The recomnmended thickness of Lhis
insulation can be determined from Fig. 181(b) depending on the region
of Sweden.

(b) Foundation_with crawl space

An example of insulation of a foundation with crawl space 1is

given in Fig. 182. Mineral wool is placed on the inside of the leca

o
foundation wall. A plastic film is placed on the ground, as a
moisture barrier, with a layer of sand overlying.
(¢) Foundations for 'cold®' structures
'E Fig. 183 shows alternative placing of extruded polystyrene
insulation used with a narrow strip foundation.
N The manufacturer's recommended wvalues of extruded polystyrene
thickness and the insulation's necessary extension width 'b' outside
a raft, a narrow strip or a pier foundation, are given in Fig. 184
; depending on the location in Sweden and its associated frost depth
. ho. It is stated that for each 0.5m lowering of the foundation
¥ depth, the insulation thickness may be decreased by 10mm. The
8. excavation bottom should be levelled using non-frost-susceptible
) material (sand, gravel or fine macadam) with 100-200mm thickness.
According to the manufacturer, this design ensures that there is no '. ‘
A 5_:.-\‘-'.'_'4'
heave in the construction even if heave in the surrounding ground is ;quﬁf‘
- PaT
- appreciable. ﬁ:;;
(d) Ground insulation s
Placing ground insulation raises the OOC isotherm (Fig. 185a)
) and manufacturer's recommended thicknesses for use of mineral wool
.
and extruded polystyrene are shown in Fig. 185b applying to different
N
:: regions in Sweden.
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9.3 RETROFIT OF INSULATION

The Norwegian 'Building Details' pgive designs for incorporating
insulation in a building after it has been in wuse for a period, 1i.e.
‘retrofit’ procedure. The purpose is to decrease heat loss from various
structural parts which means their U-value 1is reduced. For example Sheet
A 523.212 shows procedure applying to outer walls made of concrete or built
masonry. These can be fitted on their outside with a suitable thickness of
mineral wool board to reduce the U-value to what is required.

In Denmark retrofitting has been done to solve problems of frost
heave in connection with old buildings having small foundation depths. A
computer program has been used at the Danish Geotechnical Institute to
calculate the associated position of the OOC isotherm and to determine how
insulation may be placed to raise this isotherm (Porsvig, 1986). The Danish
Geotechnical Institute has also made computer calculations related to other
completed foundations where a mistake was discovered in the foundation design
after use of the building. The necessary outside insulation to rectify the

design was accordingly determined.
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of cold

frost-free
structures

depth (m) for foundations
on frost-susceptible soils,

neglecting snow cover effect.

(Finnish guidelines, 1987)
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o
-1'C isotherm is taken as being the critical isotherm,
and its intersection with x = O (inside boundary of

foundatijon wall) gives the assumed frost penetration depth.

(DIAG. 46 of Adamson et al, 1973)

T
) l:'.‘v'. :‘?".:.,'



o, W w2 WP

E 'Q.

e A o~ " > T
(X SN NANAA

b

-

Zg
o |
—
Fig. 15 Frost criterion and definition

of foundation depth zy-

irom Torgersen, 1976)

€ .Y
i
N

XAETK
Sl bt

I". |lf




SR TE T T e A LASSAINL SN et oy '-, el = .'h- -\, ,'\ \.\.

—r

.- L &

AVAVAVAVA!
° R o
So \.I
o ': T Y
o.. R .',. P
° J Z one of skress
% T, tmfluence |

RESIISITI-37) 7 AT,
S RIBRIT

-\ '
/ ff.-sl:-susrefhblc. N\
saif \
\

(«)

c_oo(mtj a.Y’

/
. . Vd
CF::?:AS go‘.l W vnirezea seil
-7

Preezing heel
Te llgst*

Fig. 16 Frost protection principle in Finland
0 °C isotherm limitation.

(Finnish guidelines., 1987).

»
.h

X
\:

(A4

P,
o

)

P
%

il
3 a L
}".’ ] b<’5}'f S
j.‘-’.;-.’c ‘ : (’ "},(‘

.-, g

s

\

o
)

}‘ -
aﬁi

!

-

g

r
E LA
L

%
5

b
£,

e
Z
L2

N

!

2
hoy
Pd

.’\
R
%
KA
e

LA
b

)
2N

LA

R

Wt

R
-

bR
BRE

' “l '. I‘,
AR




AV " 21N -V V. WUWU e’ ! 4 . 4
Q=9 l
e e
|
4 1%, i i I[
N T o T LSl 3 T !
) I O A R r
L PRI WA : . ;
. . ! ail | T !
: it ! !
e - . :
f t ; | '
i ; - :
' K ! | | !
| P , ‘
.‘; i ' | ! ID
Hy | : ! l )
e i | ' lo
. ! H i H !
o L ! | :
' [ ! ' ; H
- P !
I |
i |
i
i
:
.
I
[ i
.
2:3

Fig. 17 Example of finite element mesh
for isotherm determination.

(Finnish guidelines, 1987)

2
S
‘-N.‘,: 4
a¥:

‘:'.’_-.;f
‘ [']
A

<

g
2

.%:g:
y "
0 % 0




50 LARY
80
l..l

GO
ot

)

" 1 ¢

& KX

A

Fig. 18 'Slab-on-grade' foundation.
Shallow foundation depth h.
(from Kl#ve and Thue, 1972)




1)

L]

1]

[ 9

1

[}

t

[ ¥
;

P
[

o

N,
-

"f'.-,.'
e

-,
’
LA
~
"

0".
!

| \uu\""“""ﬁ insulaticn

]'_" - (_—._. ?iuh of ook Fn"'!.,;'v\\'f oY ?lyu-a*
f (\ur;; Filem

| |

I i

| S,
!'l A .{‘:‘!‘“f!:'

P'of.'-c?'re Plate

\niulsf.q“ - / <1, - _'_.
R - FEN !‘|‘I . .v -'
- ' .:k'

N— coasst aravel

ae '.quLQj HeTY: ';(,Qh,v f

R

"3laz-on-grade’ with edge-2xpanded ® Y

fy

w
—~
0
"

l:5. Such a siat zives more -dad .:.‘..o“:‘
% poor Iounaation conaitions. 'c':'a':‘

Zrom 'Building Details', i 321.011) e "'::::l.q':“

R
l'..

Vi




v
'

&E&E

A7

Fl

L 4
-

-,

Nl

EXX

.

B4

N,

<

8Ke e K@

AT

L SR R AR P

A et MO LA, O LW A5 Y
l——FI-J\'\'« il
rconcr-_'r-,
O oz 2

] 1
7 o o, - 1
: . iV\S'\A\lhqp\ (3] I
) .
= - = !
; Qo =} - =
7.. == c °@ S
S e
[ ' /
=
e // =
v /// . e )
S Sk
v / z.
“///‘ ,~’-,/ //' . e <
1/ yavayd ’ v ‘(, -
S S R h
h/////,/ ey . ? 4 C
VoSS . C\,':) . <€
| avd // va %%
S N .
l/ ’ ’ '/.", // 0 k,:'\,f ’ O% Caarce :'awv,\‘
i/’ s , k( , . e Zrasthesd 3vara
/ 2 ’ 4 ’ I 'K\<\ :~
l// . ’/ '/// ’ g A -— .l(\\( T - -
\//,/ Va4 i - - Bee o==0 /
AR A " LSy = :
[ A A O ,lk'k: /
:/_’ e ',' // S // /l‘ S e /.5(\(; ) /
O n ‘ (\“‘:v N J -<-,‘><:(-\, ()&1‘/\:,\\,3(: -t ’_/
; ‘ GRS SC Sk e
) . = - .
Y = v oL e
! ! : {
i == . i
—~ S
s E %)
i .
.
Fig. 20 Example of slab-on-grade’ with separate

foundation-wall and slab

(from 'Building Details’, A 521.011)

)

b 25 " e
>

8

,,,,,,
F&

ot
P ¢
hY
%D

Yy
s

i
/a
A

7
A

4

’,

s )
A
A




aYeTe

L]

~ - Wy - bty e Vo YT

'(&.'L.L:.e_,a\ t
Foumndation

Aift‘n

Fig. 21 Combination basement/ground foundation

in sloping terrain

('Building Details', A 521.111)

dk\tCk (Qf‘v\ af \.n Star)i)b—_,(

May ba necutary

)
Man i
gsm ;
——
‘, ]
Min, L
i.0m /!S"-.
. ' | -7
drainnse material ; Coumdin 7 Reck
3¢ dra s n Trans foi ‘\l‘le\. 3 /g'_, )
Fail 3 —] -7 -
oy ’:r\\sa 1 - {
ax. ” i GRS - =1
§‘a.pq_ tos R - - Ej

h]
¥ '\ary.\' than 05 m

blasting level

broken Stane _

, .
W oar SYane af 2favel ———
.

3 ! [ . [
IMAL TG anALY Al
v

Moy ce SSour
4 we ne Ssonry

22 House on broken stonme fill in slopiag

1y

P
Y]

terrain.

('Building Details', A 5§21.111)

Y S
l’ll";":I,'
KAARY
K

LA S

f'( f{ o
e
o

T o

. ‘ I'i"l(
<5y

o

=]

<
2O}

5
ALY
L »,
..'-’.'\ ‘-'
S
I‘-f“'

Py

M)

-




-‘-P

v
i

-

)

\aad from well
Y!incof<lmtﬂt—1

| loosd Spread on tne sround

(&lﬂ.(nAJ on soi‘. t\jr( Av\v\
Cancre¥e ConSTructhion

Scole 1:20

Fig. 23 If the foundation and slab are cast as one
unit and reinforced, they will act together
and distribute the wall loading over a larger
breadth on wet ground.

(from 'Building Detils', A 521.111)

A N S AR A L S ke bl a2k g Vi A aAd aug i i
Ayl gl
L
L

w,
NS
e
‘-l‘\l \-[' \i
5 L, j

o

A
5 %.;<
o

-
{s#',‘?-.'.
A

Y

-~ 4

) A
f) PP
A3 ., 4 %
raA
e | J IATLUCA

2,

5y gy

2P,

T
b
5%

MY
l-l
s

PAP4

a

X
x

\ ﬁg;;
14

o
oS
:’:"
‘.‘-

&
A

‘:S".

Sy
S
A

;"

N e g
:0:;:40:“!:(
D i,c'O‘n
QU
AN (T
‘(“!l.‘ ;'l‘
BN

*
RRATRE
‘.|’10".l.|,|




Salin? et Rat 2t a8 pub Lgva p0n "t B le Al WAL Bt N he 4 e g T - p

gamm comcrete

1S mm Lef.o.,(.tmen\:_ bouy\A
ke&.h.'\‘) cable 1§w/w\
Cmm corvis

concrete slab

2 °
3 -] 2 -1 o
2 a
l}’_a-: 2 ’o~o° 2 od:a / — ”~
EVTED = =
//, 2 50 o
/\\\ bl R I R —-]
\ J__ ]
' =
N e p T O \Rockuool

A ’
2 5///5///5//\ 4R Convex Covners
sgmm Rockueal

Fig. 24 Slab-on-grade design used in the
Skjetten development.

(from Eiesland, 1972)

G
.

'; By

‘J&. @

7,4
\l
by

"'

- W
' "-l . A

! o
¥, Va8 o "
QR
)

A\ ‘:“:"i"‘




[ SAH

X3

rry
g

5% Hw 227

¥ X

K WY

~
concrete
P . -
‘_l T Fa\yst‘y rene
H asbestas cement
o l P\o—fL
<t
ot

fﬁj

s
[}

iy

Outside insulation on the foundation wall
guides heat down to the foundation. There
is no cold bridge effect.

(from Faeroyvvik, 1972)

?rol’&chnﬁ E J > = oL To- 2 50 mrmm

r\o.t._ 3 i ! Cancrete

30 mm insulabio s
. P35 inswin,

150 wapa Comerbg— 2=2 7 R ?

T
3

¥

Y

-
-

LS

1 ground insulition o
irom the Ioundation.

5
L4
..l

R
Pl
»

ATl

ETRITYR
\f‘hf'.q: Y
RO AN
Y,
l' (_ !v- ‘,.,. [ ] I’ ',

Y

2o

.l

LYY
Loedd

s-’"v'li"
P

o
L4

“vv
L
b

Ry
&,
gyt
> e




WA

.

Yl
-

A

-
[

< P |

e

/ heated ™~
! Eu\\l%(n3 ~
o ( -+
~0°C | Fe l
S’f st o\ \'k\ {I /f\-u\‘ fror\r ‘
o] ap - T
with ?OUnA&t‘\on} lr ————— // ____________
. ) M = = e e = | - -
<3 1
31 frozew
oy E soil S unfro zen
.6_.5_ : // 50;\ N
- f 4 ‘C AN
o3 e -
S BT
Fig. 27 Frost penetration at heated building

(from 'Building Details', A 521.111)

AR A AR A A sl An" R St ol et e’ ant de mto et el Aut iu? Aan ja

e

Y
fl‘:‘;
.‘

LI

WAy

0N
*.'.

ey
A
‘.‘f "2'2%2" -

N
¢
,\:\ ]

S
5

A

o
¥
.

L
o, L,
'

Y

LA,
)
%

-"'
-

g
i
p > .

a

o

'w
&

'
f:r_.r
Pl

X




h &
47

e

~vemp
i

v %]

T OYSY vv ey

WL

b)

q

L

Y/
I 0

EET.
[T

T LIPS
A 7

v
.

7 //////// i/ 7/ 4 //NE”L
// e %/_J////

92

- —

I

JUNINNEIN

]

o —

il
s A /«//'j’/ ;/ g g .', / J 7
T ) >
L7 1 7 —
LI //////

Fig. 28 Floor sla

(b) slab

(Fiz
rl3.

b laic on the ground in the form of
gral slab stiffened at the edges
with edge beams taking wall loads

1 of Adamson et al, 1973)

o
e,
".:’..l b




j

W |
|
\NAN

PN L
l//\k o
: |

1.2

LR &~ —

1,4

1,6

1,2 -0.8 -0,4 0 0.4 0.8 1,2
$(m)

C . o . P .
Fig. 29 Position of the -1 C isotherm at different times
o
Line l: 2 weeks after the lowest outside temperature (TO;—IZ.S C)
. o
Line 2: 4 weeks (T =-11.0 C)
Qve
o
Line 3: 6 weeks (T =-8.0"C)
ow

Line 4: 9 weeks (T =-3.7%)
ove

P g
o
La
[ <, - J"
TS

2ol

LI ) .' . v

¢ N
A , :.:::""s:sf
l'!'l‘. 'A. .'I!!"
' J. M,
e ":'1
i ) .‘..:.(‘

UOOOONO
AR

4
y .:. N 'Q. '4'




A0 A A I e -a i g g M g gl g T G a4 Ll A AR AT A N A il Al A ) ad A N

N . -’ J .
& AN L
- PR
'{. S ”
S )
L
Wy, W
A
{
LA 4
LS ’N ’\ oy
s
by
= T Ny
ﬁi AN

2

ot %>
248
e 5

g0y

Yoy R
g 5% J » Y
o ..f‘.-'
b=y
0% g =55

Fd
o
'

A Tempe ratuce

) T harménie _
i e

M
»H/~ / M Aie Temperatare .::?':‘ﬁg’:'i
N Y‘-. !9 f’\/*]\ :;/ [V\.‘/-'1al'
y “L‘./ : ; . i
.:.f;..'. N A ! i )

g I8

l«\i\-j meon . 0‘:,

—ﬂj_l__ﬁ* ey ! l R
\ [j T Frask Deptn e

| J PR ( J{wits Wafmentc L 0.1 E ey

2" it Yamperatan)

[.111{ Frost o\lflk

C
z
.o
ra

[}

3
4
¥

1.1

o

L0222 )

r 0.3

pera.hve

5p

e e L.t L

©
[

Frost DaF
S
2

s' .'
Aic Tem

=

i

i
-

Fig. 30 Relationship between outside temperature variation
and frost penetratijon at a foundation.

(f{rom Torgersen, 1976) TR

2

[
el

S- N >
' ;
R

5%
s
S

27
2
S

=
o
T

-&(‘J‘

CWIRY
"i‘. ll:::-

S 5‘.“‘4

bR K M)




-
AR
N

A

3

P

. P ":5.

8
.

a0 MR ¢

Ay
27

)

»

e

P

13

X

!

L QT

= A Pa

g

X9

0

¢ (M)
o

=

T A A W (W W W, ™ N & are 2y

Floor insvlation

02 04 086 08 10

N W W VN W N

R\ (“\ZK/H)

12 % 15 18 20 2,2

N

<02 : ‘
SNERNUEE

e o
e o
O I e N B D
P i } \‘\;l ! .
Seel | >
s o L]

< | ] o

Computation for Orebro.
applies to its part above ground.

(Fig. 14 of Adamson et al, 1973)

. 31 Influence of flocor insulation R; on frost penetration depth.
Insulation Ry, of the foundation wall

Pedestal height = 0.3m.
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Foundation wall of expanded clay blocks
(from Thermal Insulation Laboratory, 1982)
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Results of heat flow analysis
(from Thermal Insulation Laboratory, 1982)

Model Vertical insulacion °) Horizoncal Horizontal Sep. Q-2 Q-2
no floor **) perimeter floor (Floovr {Tloor
Ext [ Int In cavity insularcion insulation slab heated) not heaced)
2 2
P} {ND} {em] | (mm] (] (rm ) [ren] {wD| (W/m™} (w/m"]
ll
=~
1 - so | T 7s/¥ 200 S0 - No 7.0 4.7
2 30 S0 | T 75/4 200 50 - No 6.6 4.3
?',;: 3 - S0 | T 75/ 200 55 - Yes 5.8 3.7
“ 4 - - - 75 - Yes 6.7 4.2 -
5 - - - 73 - No 7.0 1.6 FIOQ
(W)
. 6 - - - 270 - Yes 4.3 3.2 ()
) )
9 7 - - - 75 - Yes 6.5 4.2
’ 8 - - - 75 4 1000/T 100 Yes 6.4 4.1
9 - - - 7% 4 2000/7 100 Yes §.2 4.0
r 10 - - T 130/ 500 100 - No 4.1 2.7
i 11 - - T 130/4 600 100 - Yes 4.0 2.7
12 - - T 130/% 600 200 - Yes 3.2 2.2
13 - - T 130/H 700 100 - No 4.0 2.7
S 14 - - T 130/H 700 100 - Tes 4.0 2.8
oy 1s - - T 130/4 1500 100 - No 3.8 2.6
o 16 - - T 130/H 1500 100 - Yes 3.3 2.5
17 - S0 | T 225/H 1000 50 - Yes 4.6 3.2
‘F 18 - 50 | T 225/H 1000 s0 - No 4.6 1.5
iy 19 - - T 225/H 1000 50 - Yes s.0 3.3
- 20 - - | 7 225/% 1000 so - No 5.3 3.6
21 - - T 225/H 1000 200 - Yes 3.3 2.6
- 22 - - T 100/H 1000 50 - No 5.6 4.3
Y 2 - - T 32S/H 1000 | 0 - Yo 5.3 3.4
4 < O
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Fig. 49 A house foundation (a) and three progressively improved versions )
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concrete footing.
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Concrete slab with foundation wall of lightweight clinker blocks on
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Recommended location of insulation in association

with a foundation wall.

(Finnish guidelines, 1987)

—

S S e

L

\J '*
My ::.'::::g
AU
W.-'
¥ l':.i'g

\ '|| )
i
v N
,“ ‘C"
L NXTS
::'O'U:G‘gz‘

oty
et
e
"!ﬂ' e
@
‘i‘i‘b";‘l‘\

""'a

Mgt
5 ")::‘:’



Rt $a g0 g0t 16t Sal Sah Ty ke YUY avabaw SR, ¢4 Saf alt B g YAl At A A ' . g gt
Al 3 s 2 3 y vy 0

L5

2, :
I
R
’

N

5

| 22

.\"5“'- inswintion

backiity W g
&:\} nov Lnsulah .n—. X
:X-' aram (r'.snS sll,) )
i ’ a East foundation wall with
~ 11_ L f inside insulation.
JP ,'_!_a':%”:& .9 .
g D XX >Q<)O(XX)C><A2(>Q<)< oo
. : eI O S D T
L Pipe (ra:s‘u})
& pessitns ine {p\su(t\'h..\\
i) | backfiy

pots. 9faund msul\l'-an

E ;// /1/ / /Jnﬁi v

b Built foundation wall with
light aggregate blocks on

,3F<; cast concrete footing,
% . SR possible with extra
W S __ ._,.oa % gl inside insulation.
he | ‘,.J?b-.-ié. QPR
X LA AN XX A XXX K
O

t‘ Lpass. pipe

\’_A
»
i outside nsulatisvn—

[WTY N ont!cr:ca L-, 2 .= a - > o o
bock il XX AKX T

=~ aexBi—— e e o @ ¢ Cast foundation wall with
>, past. yround nfulabran— - . ) o L outside insulation with

v, M .- N [~
- ’ e e 71 protected surface.

: B BT SR < S

a % e

- | ﬁ = "024'

g XXX KKK " 2
" : = Q% v

. - pess r{rq_
%

element wall
Smasthed gutside AN

2038 aceard insalarna o

d Cast foundation wall in
e elements of polystvrere
with smoothed outside,.

i




o

Fon
[

A £ O Ee R ¥ 5t RS

(%)

Fig. 61

R2 Tout

L
= :-
i 1
] .
DN NN q{ b
IL \.’ "\-) i-l \ i'—’
22 0 0.x a5 2
- : £(m)
e ®
l R T.av\' ':“V“\.

Effect of ground insulation on isctherms

{a) No ground insulation

(b) Ground insulation: Ry = 1.08m2K/W. ‘
Square building lOx1lOm. Section along diagonal. °
R, = 1.08w%K/W = R,, Pedestal height = O.3m. ~

C}ay soil. Outside temperature = -11.0°C.
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v

SYAIT AT RN RN AN S TR R

Tin Tou’L
f Cc
Y
T T L 7 ! v !
-1,2 -0.8 -8.4 0 a4 0.8 12
x (m)
Fig. 62 Freezing zone's influence on ground constructicn.

(a) foundation wall or edge beam
(b) draining material that is non-frost-susceptible
(c) slab

(Fig. 17 of Adamson et al, 1973)

W
'] A
A ‘:.‘l".'\"...i

’ L 2
S s
bR
o
AN
-‘.IJ')!";‘J'
' »
LR Y |
:.i'.’."\-. .:::
. )
R
“0:','
) 'l‘

) U
i) -.0‘ l‘l‘

NN, it
)

W1 ) “ AN
() ah
bttt

00 027 Mt by
'g')'.‘. .‘u‘
ALY
oy e

NDOII)
N




) )
. N
;:,-:b"
&j-,&:
SRR
S
P
5 Stockholm
,R]=1,08 m K/W
Y
L]
S,
-3 "
oy
) [ J
e
L] > it
-1C
, o ' @
Fig. 63 ~1 C isotherm at a corner of a square building loxlCm.
Section along diagonal. Clay soil. No foundation wall
insulation. Outside temperature = -9.9°C. Foundation
depth = 0.35m.
(Fig. 20 of Adamson et al, 1973) ) P
N
LaNesY,
! [ ]




A A O

" BEE %

L

- "

=X

Fa N

&

-
L

»,

S gL oy b w

|

A4

Stq'cﬁholm

R,=1,08 2K/ W

I

LTS

.25 d,3mJ

r

<
ey
Jato

[\

-1°C

Fig.

64

o . .
-17C isothexm at 0.8 m from corner.
Othexwise same conditions as for Fig. 63.

(Fig. 21 of Adamson et al, 1973)
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the ceiling.
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rost protection for heated structures.

ventilation rate = 0.6 1l/s.m )

(Finnish guidelines, 1987)
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102

Effect of insulation position on isotherms.

o
Freezing Index = 37000 h C, foundation depth = 0.5m
Floor structure with crawl space.

3 2
Thermal resistance = 1.6m K/W.

(Finnish guidelines, 1987)
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Fig. 107 Replacement of steeply inclined
frost-susceptible material by coarse

draining material.
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c. Plastic plate with projections as shaped air openings.
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Frost heave

Fig. 110 wWith an inclined soil surface, the frost:
heave can have a horizontal componen: '
1
towards basement wall o :"ﬁ::;::,
(from Nordgldrd, 1972)
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113 The foundation wall and outer foundation

"
i
0

are exposed to the outer climate, regardless
of the frost 1load indoors on the floor.

(from Algaard, 1976)
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Fig. 114 Reduction factors for Freezing Index.

(Finnish guidelines, 1987)
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the foundation wall, its distance from the
foundation wall should be at least doubled,
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Fig. 126 Frost protection of the floor can be omitted
if the inside temperature stays above 0°C.
It would be necessary to break the cold bridge

between the foundation wall and the foundation.

(from 'Building Details', A 521.811)
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must then be accepted.
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(from Algaard, 1976)

vertical insulation of the foundation wall.
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Soil that freezes firmly to the
foundation gives a lifting force with sidegrip
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Anchoring with expanded footing
under the frost zone.
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Anchoring by friction between
the foundation and the soil under the

frost zone.

Fig. 147 Frost heave and sidegrip
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Fig. 162 Frost penetration in undisturbed ground.
No insulation.

Curve 20 : 0°C isotherm at January 20 1966

Curve 40 : " ' " February 9 1966
Curve 60 : " " March 1 1966
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Fig. 163 Frost penetration with SOmm thick insulation,
9.20m wide (from O to the right)
Isotherms do not penetrate as deep as

in Fig. 16 2

Fig. 164 Frost penetration with 100mm thick insulation,
9.20m wide.

Thermal conductivity of insulation = 0.046 W/mK
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(Dow Chemical, 1987).
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171 Floor construction.

(a)

(b)

(c)

Arrangement of

With a strong insulation

or a load-distributing
concrete slab, the insulation
can be laid directly under
the slab. If a moisture
barrier is necessary, it
should be laid between the
insulation and the overlying
slab. A drainage layer
should always be laid on
frost-susceptible ground.

To reduce the stress
influence from a point load,
the insulation could be
laid lower down. If the
surface of the construction
is not damp-proof and
protected against
precipitation, a separate
moisture barrier can be
omitted in many cases.

In permanently, or
sporadically cold buildings
with a small floor load,

the floor shown can be used
on 'tilfarere' or on load-
bearing insulation (in dry
conditions). A high-grade
moisture barrier must then
be placed under moisture-
sensitive material and under
the floor insulation and

one should be careful with
use of damp-proof floor
cover,

Note : ‘H\fAftft,z wood Sutfaced Floor

insulation and possible damp barrier.

(from Algaard , 1976)
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172 Design thermal conductivity of expanded polystyrene
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Recommended thicknesses of ground
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